For  Reference 


NOT  TO  BE  TAKEN  FROM  THIS  ROOM 


@x  mm 

wumotms 


ctfV  OF 

_ 


University  of  Alberta 
Printing  Department 


THE  UNIVERSITY  OF  ALBERTA 


THE  TRANSPORT  OF  HISTAMINE  FROM  THE 
GASTROINTESTINAL  TRACT  IN  DOGS 


by 

Nis  Schmidt,  M„D. 


A  THESIS 

SUBMITTED  TO  THE  FACULTY  OF  GRADUATE  STUDIES 
IN  PARTIAL  FULFILMENT  OF  THE  REQUIREMENTS  FOR  THE  DEGREE 

OF  MASTER  OF  SCIENCE 


DEPARTMENT  OF  SURGERY 


EDMONTON,  ALBERTA 


JUNE,  196  7 


'll  toaht  JAvrrT,  . ,'  jf  CO,  ZAO 


i 


, 

V-. 


. 


<  t 


'i'ziau  ,  •  '  ,u«  sic  " o  -s  ai 01 3  r-  c  p  Ti.Maus 


ATK  lHu  \  K  iOT/xQl  ZK 


THE  UNIVERSITY  OF  ALBERTA 
FACULTY  OF  GRADUATE  STUDIES 


The  undersigned  certify  that  they  have  read,  and 
recommend  to  the  Faculty  of  Graduate  Studies  for  acceptance, 
a  thesis  entitled  "The  Transport  of  Histamine  from  the 
Gastrointestinal  Tract  in  Dogs",  submitted  by  Nis  Schmidt,  M.D. 
in  partial  fulfilment  of  the  requirements  for  the  degree  of 


Master  of  Science  (Surgery) . 


Ill 


ABSTRACT 

The  gastrointestinal  tract  releases  biologically  active 
substances  into  the  portal  venous  circulation.  These  substances 
may  originate  in  the  intestines  or  be  absorbed  from  the 
intestinal  lumen  and  then  be  transported  via  the  portal  system. 
The  liver  however,  situated  within  the  portal  circulation, 
efficiently  inactivates  substances  which  would  be  harmful  or 
too  stimulating  if  allowed  into  the  systemic  circulation. 

Histamine  is  included  in  this  class  of  substances. 

It  is  both  absorbed  and  released  into  the  portal  venous 
circulation  from  the  gastrointestinal  tract.  The  liver  then 
efficiently  inactivates  the  excess  histamine  in  the  portal 
circulation  preventing  adverse  systemic  stimulations. 

Another  pathway  of  transport  from  the  gastrointestinal 
tract,  this  one  bypassing  the  liver,  is  the  intestinal  lymphatic 
system. 

After  a  high  protein  meal,  an  increase  in  histamine 
concentrations  had  been  observed  in  the  systemic  circulation. 

We  postulated  that  active  histamine  could  be  transported  from 
the  gastrointestinal  tract  via  this  alternate  lymphatic  pathway 
directly  to  the  systemic  circulation. 

Our  findings  show  that  lymph  from  the  intestinal 
tract  does  transport  significant  amounts  of  histamine  after 
a  high  protein  diet  to  the  lesser  circulation.  Also  post- 
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prandial  thoracic  duct  lymph  effects  the  systemic  arterial 
histamine  concentration  significantly. 
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INTRODUCTION 


Biologically  active  substances  have  been  shown  to  be 
transported  from  the  gastrointestinal  tract  (112) .  Those 
substances  transported  via  the  portal  system  may  be  detoxified 
by  the  liver,  but  those  substances  transported  via  the  lymphatic 
system  will  enter  the  lesser  circulation  unaffected  by  hepatic 
detoxification .  Substances  transported  via  the  lymphatic  system 
may  then  enter  the  peripheral  arterial  circulation  and  be 
perfused  into  the  target  organs  still  potent  enough  to  cause  a 
biological  effect „ 

Histamine,  a  recognized  potent  biologically  active 
material,  transported  within  the  mammalian  system,  can  effect 
a  dynamic  influence  on  physiological  processes  (13) .  Since 
the  discovery  of  this  material,  B-imidazolylethylamine  in 
1907,  then  called  B-l,  many  investigators  have  attempted  to 
elucidate  and  correlate  the  varied  properties  of  this 
substance.  After  more  than  50  years  of  research,  the  opinion 
is  not  now  so  unanimous  that  this  is  a  troublesome  biological 
remnant,  but  that  it  does  have  increasingly  clear  physiological 
importance . 

The  maintenance  of  the  homeostasis  of  this  potent 
substance  is  not  entirely  understood.  However  a  critical 
balance  must  exist  among  three  basic  histamine  metabolism 
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mechanisms  -  production,  binding  and  destruction. 

All  histamine  is  produced  from  the  amino-acid 
precursor,  histidine,  by  specific  enzymatic  decarboxylation 
(102) .  Histamine  in  vegetation  and  animal  products  (exo¬ 
genous  histamine)  enters  the  gastrointestinal  tract  in  our 
diets.  Intestinal  bacteria,  capable  of  decarboxylating 
dietary  histidine,  are  also  capable  of  conjugating  histamine 
by  acetylation,  thereby  rendering  it  an  inactive  metabolic 
byproduct  (99)  .  Dietary  histamine  may  be  absorbed  along  with 
endogenous  histamine  (released  from  the  gastrointestinal  tract) 
in  an  active  and  inactive  form.  Man  and  some  animals  depend 
on  the  absorption  of  active  histamine  to  help  replenish  "his¬ 
tamine  stores".  They  have  insufficient  quantities  of  the 
histidine  decarboxylase  enzyme  apart  from  the  intestinal 
bacteria  and  mast  cells,  to  produce  active  histamine  from 
absorbed  histidine  (121)  . 

Active  histamine  (endogenous  and  exogenous)  entering 
the  peripheral  circulation  may  be  bound  to  tissue  "histamine 
stores  "  or  may  in  part  be  inactivated  by  enzymatic  activity 
in  tissues  and  plasma.  In  these  tissues,  the  histamine  may 
be  intracellular  and  linked  to  the  mitochondrial  fraction,  or 
remain  extracellular  in  the  ground  substance  and  tissue  fluid. 

Active  histamine  in  blood  may  be  bound  to  the  cellular 
fraction  by  absorption  and  to  the  g-globulin  fraction  of  the 
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plasma  protein  by  adsorption  (91) .  This  histaminopexic 
property  of  blood  may  allow  a  wider  dispersion  of  histamine, 
or  protection  from  plasma  enzymes.  However,  it  seems  that 
circulating  bound  histamine  unlike  conjugated  and  inactivated 
histamine  may  also  become  available  as  active  histamine  again. 
Indeed,  a  small  amount  of  active  histamine  may  exist  in  the 
plasma  unbound  for  short  periods  at  all  times  (37) , 

Bound  histamine  may  be  released  from  tissues,  tissue 
fluid  or  blood  by  enzymatic  or  physico-chemical  means  (87) , 
Proteolytic  enzymes,  inhibition  of  enzymatic  systems,  changes 
in  cell  structure  or  permeability,  sensitizing  agents,  large 
molecules,  surface  active  agents,  histamine  liberating  chemicals, 
all  are  able  to  set  free  the  bound  histamine  which  may  then 
become  physiologically  or  pathologically  active,  be  bound  again 
or  be  excreted.  This  process  appears  to  be  a  dynamic  one 
since  there  is  a  constant  peripheral  venous  histamine  level 
and  a  continuous  histamine  excretion,  and  since  if  all  histamine 
in  the  body  became  active  at  one  time,  the  consequences  would 
be  physiologically  catastrophic.  Histamine  destruction, 
already  alluded  to,  occurs  by  acetylation  in  the  gastro¬ 
intestinal  tract,  and  methylation  in  the  liver.  Deamination 
and  oxidation,  a  lesser  destructive  mechanism  occurs  in  plasma 
and  lymph  and  some  body  tissues.  The  histamine  metabolic 
byproducts  are  then  excreted  by  the  renal  system  and  in  the 
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stool  (101) . 

In  the  past,  the  study  of  active  histamine  was 
beset  with  many  errors  largely  due  to  the  difficult  methods 
of  biological  assay.  Also  the  amounts  of  histamine  measured 
are  very  small  making  accurate  meaningful  determinations  even 
more  difficult.  Besides  this,  the  results  derived  from  the 
measurements  of  active  histamine  may  not  in  fact  represent 
the  amount  of  active  histamine  actually  present  in  a  biological 
system.  This  is  speculated  because  treating  the  samples  with 
acid  no  doubt  releases  some  bound  histamine  which  in  actual 
fact  is  not  available  as  active  histamine  in  the  experimental 
animal.  Realizing  the  above  problems,  and  being  aware  that 
a  constant  baseline  level  of  histamine  is  ever  present,  our 
biochemical  method  of  histamine  assay  does  allow  us  to 
estimate  any  increases  of  total  histamine  above  the  baseline 
level  with  great  accuracy,  and  since  this  method  does  not 
measure  conjugated  or  inactivated  histamine,  we  assume  that 
elevations  are  due  to  addition  of  physiologically  active 
histamine,  whether  it  be  temporarily  active  or  loosely  bound 
(110)  . 

The  present  study  was  commenced  with  the  hypothesis 
that  during  the  intake  of  a  protein  diet,  an  increased  amount 
of  histamine  is  available  in  the  gastrointestinal  tract.  This 
is  reflected  by  a  known  postprandial  increase  of  histamine  in 
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the  portal  venous  system,  but  since  the  liver  acts  as  a  filter 
or  detoxifying  organ  on  this  histamine,  the  lymphatic  system 
could  be  an  important  physiological  shunt  through  which 
increased  amounts  of  active  histamine  could  reach  the 
peripheral  arterial  circulation,  and  there  be  available  to 
influence  physiological  processes. 
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REVIEW  OF  LITERATURE 

As  a  basis  for  a  better  understanding  of  the  subject 
the  transport  of  histamine  from  the  gastrointestinal  tract  in 
dogs  -  a  review  of  the  literature  in  detail  concerning  the 
metabolism  of  histamine  is  necessary  (Figure  1) 0 

HISTAMINE  PHARMACOLOGY 

After  the  first  synthetic  preparation  of  histamine 
by  Windaus  and  Vogt  (1907) ,  the  first  testing  of  its  physio¬ 
logical  properties  was  done  by  Barger  and  Dale  (1910)  and 
later,  more  extensively  by  Dale  and  Laidlaw  (1,  8,  61,  128) „ 
From  these  beginnings,  histamine  has  continued  to  fascinate 
biological  investigation  till  today  there  is  hardly  a 
physiological  process  whose  response  to  histamine  has  not 
been  studied. 

To  experiment  with  histamine  in  physiological  dosage 
also  poses  a  problem  because  some  body  processes  seem  to  have 
no  minimal  response  threshold  to  histamine  (90)  and  histamine 
has  been  shown  to  be  effective  at  dilutions  of  1 s 750 , 000 , 000 
(54)  . 

The  main  actions  of  histamine  are  on  the  vascular 
system,  smooth  muscles  and  exocrine  glands. 

In  the  vascular  system  the  most  characteristic 
action  is  capillary  dilatation  on  the  venous  side  (82) . 
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METABOLIC  PATHWAYS  OF  HISTAMINE 
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The  triple  response  of  Lewis  (72)  ,  arteriolar  dilatation  (25) , 
large  vein  constriction  (108) ,  cerebral  vessel  dilatation  and 
headache  (93)  are  known  actions  of  histamine.  An  impressive 
fall  in  systemic  blood  pressure  can  result  from  small  vessel 
dilatation  with  loss  of  circulating  plasma  volume  in  response 
to  a  systemic  injection  of  histamine. 

Histamine  stimulates  a  variety  of  tissue  smooth 
muscle  and  most  notably  the  uterus  and  bronchioles.  Histamine 
may  stimulate  smooth  muscle  directly  as  in  the  bronchioles  or 
may  stimulate  it  indirectly  by  stimulating  nervous  elements 
as  in  the  gastrointestinal  tract  (92) . 

Of  the  exocrine  gland  activation,  the  gastric 
glands  receive  the  most  potent  stimulus  and  respond  by 
copious  secretion  (7,  38,  58,  86,  94) .  Much  investigation 
has  been  carried  out  in  the  field  of  gastric  physiology 
to  clarify  the  role  of  endogenous  and  exogenous  histamine  in 
the  mechanism  of  acid  secretion.  Code  and  others  have  stated 
that  the  final  stimulation  of  gastric  acid  formation  may  be 
a  physiological  function  of  histamine  (22,  38). 

Since  histamine  is  such  a  widespread  substance  in 
animal  tissue,  the  separation  of  its  primary  and  secondary 
functions  has  been  a  major  concern  of  many  investigators. 
Histamine  is  involved  in  the  function  of  the  adrenal  medulla 
and  ganglia;  in  hypersensitivity  reactions,  allergy  and 
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anaphylaxis;  in  tissue  growth  and  repair  (61,  62);  anterior 
pituitary  gland  innervation  by  the  mid  brain  (44,  52) ;  and 
more  recently  suggested  in  the  initiation  of  labor  in 
pregnancy  (61),  and  regulation  of  the  micro-circulation  (105) . 

The  uses  of  histamine  are  few  and  fall  into  two 
broad  groups s  (a)  biological  stimulation  and  (b)  therapeutic 
de sensitization . 

It  is  used  as  a  diagnostic  tool  in  stimulating 
gastric  acid  secretion  (65) ,  in  stimulating  the  chromaffin 
cells  in  a  provocative  test  for  pheochromocytoma  (28) ,  and  in 
testing  the  integrity  of  sensory  nerves  by  initiating  an 
axon  reflex. 

Attempts  to  use  histamine  as  a  therapeutic  de¬ 
sensitizing  agent  in  allergic  disorders  have  demonstrated  no 
real  clinical  value. 

HISTAMINE  PRODUCTION 

Histamine  found  in  animal  tissue  has  multiple  origins. 
That  bacteria  form  histamine  from  the  amino-acid  histidine  is 
well  known  (39,  48,  84),  and  all  histamine  is  considered  to 
originate  from  histidine  (102)  (Figure  II) .  This  has  been 
shown  to  occur  as  a  decarboxylating  process  (10,  53,  117) 
by  a  cyanide  sensitive  enzyme  (54)  specific  for  L-histidine 
(122) .  Animal  tissue  may  contain  at  least  two  enzymes  which 
are  capable  of  decarboxylating  L-histidine  which  vary  only 
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in  the  pH  of  their  optimal  activity  (103) . 

Mast  cells,  which  characteristically  are  found  in 
loose  and  areolar  connective  tissues  in  most  animals,  and  which 
are  related  to  basophilic  granulocytes,  contain  and  have  been 
shown  to  produce  histamine  (122,  123)  «,  Waton  points  out 
that  some  animal  tissue  which  contained  histamine  had 
neither  mast  cells  nor  decarboxylating  enzymes  suggesting 
that  histamine  must  be  transported  to  and  stored  by  those 
tissues  (121) „ 

Recent  work  by  Kahlson  and  Rosengren  suggest  that 
the  tissue  content  of  histamine  is  only  a  vague  guide  to 
its  physiological  significance  whereas  a  study  of  the  histamine 
forming  capacity  (HFC)  or  the  dynamics  of  histadine  decarboxylase 
activity  appears  to  be  meaningful  and  of  considerable 
consequence  (63)  at  least  when  using  the  rat  as  an  experimental 
animal „  The  importance  of  this  dynamic  concept  of  "nascent" 
histamine  formation  and  histidine  decarboxylase  activity  in 
relation  to  such  functions  as  gastric  secretion,  wound  healing 
and  micro-circulation  in  animals  other  than  rats  has  not  yet 
been  studied  (59) . 

Whether  histamine  is  produced  in  all  animal  tissue 
is  not  clear.  Tabor  (1954)  felt  the  activity  of  histidine 
decarboxylase  to  be  widespread  in  various  tissues  (118) , 
whereas  Waton  (1956)  did  not  find  histidine  decarboxylase  in 
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tissues  from  man,  dogs  and  cats  (121) . 

Sufficient  histamine  may  be  absorbed  from  the  gut 
in  carnivorous  animals  to  meet  all  physiological  needs,  so 
that  excessive  endogenous  formation  of  histamine  is  not 
necessary  (121) .  A  small  amount  of  intracellular  histidine 
decarboxylase  in  these  animals  does  not  seem  to  be  the 
important  source  of  histamine „  To  these  animals,  histamine 
would  become  as  important  as  a  vitamin  (45) ,  but  to  call 
histamine  a  vitamin  has  been  challenged  by  some  investigators 
(50,  60,  67) . 

The  origin  of  histamine  in  animal  tissue  would  come, 
then,  in  part  from  intracellular  metabolism  of  histidine  to 
histamine,  mast  cells  (11,  95,  123),  peripheral  blood  baso¬ 
phils  (76) ,  histamine  absorbed  from  intestinal  decarboxylation 
of  histidine  (97,  98)  and  dietary  histamine  absorbed  in  a 
form  easily  converted  back  to  active  histamine  (98),  Waton's 
work  suggests  that  absorbed  gastrointestinal  tract  histamine 
is  the  main  source  of  histamine  in  tissues  of  dogs,  cats  and 
humans  (121) 0 

HISTAMINE  BACTERIAL  CATABOLISM 

The  catabolism  of  active  histamine  into  an  inactive 
form  generally  implies  a  biochemical  alteration  of  the  molecule 
(Figure  III) „  After  the  ingestion  of  dietary  histamine  (30,  124) 
a  metabolic  derivative  appeared  in  urine  in  large  quantities  (4) 
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which  was  inactive  when  tested  by  biological  assay  with  guinea 
pig  ileum.  Rosenthal  and  Tabor  (1948)  made  the  discovery  that 
this  derivative  resembled  acetylhistamine ,  (4-B-acetyl 
iminoethylimidazole )  (99) ,  and  Urbach  (1949)  subsequently 

showed  this  substance  was  acetylhistamine  and  showed  that  it 
did  originate  by  bacterial  conjugation  in  the  bowel  (120) . 

He  also  showed  that  sterilized  bowel  contents  and  bowels 
cleaned  of  all  contents  did  not  form  acetylated  histamine. 

In  addition  Urbach  was  able  to  form  acetylhistamine  from 
incubation  of  histamine  with  bacterial  cultures  of  E .  coli 
and  Aerobacter  aerogenes . 

Acetylhistamine  was  considered  by  Millican  (1949) 
to  be  formed  in  some  tissues  without  bacterial  activity  (85) 
but  Adam  (1950)  (3)  did  not  feel  the  evidence  was  certain 

enough.  Schayer  (1956)  concludes  that  a  small  amount  of 
acetylated  histamine  may  be  present  in  tissue  but  feels  that 
this  is  probably  of  no  importance  (101) . 

Gaddum  (45)  showed  that  acetylated  histamine  and 
a  small  amount  of  active  histamine  appeared  in  the  urine 
following  the  oral  administration  of  histamine  to  dogs. 
However,  only  active  histamine  appeared  in  the  urine  of  dogs 
that  received  histamine  by  parenteral  injection. 

HISTAMINE  METABOLISM  -  INTESTINAL  TRACT 


The  intestinal  tract  seems  to  occupy  a  central 


- 

.nursti  gxq 


(  I  •nod  t  i  ?o.  l*  -J  O  -  v  .:  .  •  nil  xto  bib 

•  '  1  '  ,  -WOf  '  :  ;  &H 


mo:  i  e  lims^eirfl^sofi  nrcolt  ci  aids  aew  rfoed^U  noi:  nl 


15 


position  in  the  regulation  of  body  histamine,  Feldberg  and 
Harris  (41)  have  demonstrated  that  the  abundance  of  endogenous 
histamine  in  the  gastrointestinal  tract  is  found  mainly  in  the 
mucosal  layers.  In  the  duodenum  and  jejunum,  two  histamine 
peaks  were  found  -  the  highest  peak  correlated  near  the 
lumen  in  the  villi,  the  other  near  the  submucosa.  Progressing 
down  the  intestinal  tract  they  found  a  decrease  in  histamine 
content.  In  the  ileum  and  colon  only  one  peak  was  found  appear¬ 
ing  near  the  bases  of  the  mucosal  glands. 

The  presence  of  histamine  in  the  intestinal  tract 
tissue  has  been  suggested  as  related  to  its  elimination  (113), 
but  Haeger  (50)  observing  a  constant  level  of  histamine  in 
the  gastrointestinal  tract  of  cats  under  different  circumstances 
suggests  that  histamine  concentration  is  constant  in  regions 
where  it  is  thought  to  be  essential  and  suggests  that  a  mechanism 
operating  via  the  blood  stream  is  present  to  maintain  the 
level  of  histamine  in  the  gastrointestinal  tract,  A  similar 
observation  was  made  by  Haeger  and  Kahlson  in  starved  cats 
deprived  of  exogenous  histamine  (49) ,  where  it  was  found  that 
the  intestinal  histamine  levels  remained  steady.  This  mechanism, 
Haeger  observed,  is  an  essential  part  of  normal  body  physiology, 
Anrep,  in  studying  the  removal  of  portal  histamine  in  dogs 
drew  attention  to  the  interesting  fact  that  the  intestinal 
tract  was  continuously  releasing  histamine  into  the  portal 
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venous  blood  (5).  In  fasting  animals,  a  portal  blood  level 
of  active  histamine  which  is  higher  than  arterial  blood  levels, 
is  further  evidence  for  a  continuous  intestinal  tract  histamine 
release . 

Histological  examination  of  the  intestinal  wall, 
the  functional  component  of  the  portal  bed,  reveals  arteriolar, 
capillary,  venule  and  lacteal  structures  within  the  villi  (129) . 
Intestinal  histamine  absorption  or  release  must  come  into 
intimate  contact  with  one  of  these  structures  to  gain  a 
transportation  pathway  away  from  the  intestinal  tract. 

Unlike  the  well  studied  biochemical  mechanisms  of 
the  intestinal  mucosa  on  araino-acid,  fat  and  carbohydrate 
absorption  across  the  intestinal  wall,  the  mechanisms  of 
absorption  of  histamine  through  the  cells  and  cell  membranes 
are  not  known  (35) .  However,  after  the  ingestion  of  a  high 
protein  diet,  absorption  of  histamine  is  evident  by  a  marked 
rise  in  portal  venous  blood  active-histamine  (5,  56,  80,  112, 
119) ,  and  an  increase  in  urinary  output  of  active  and  con¬ 
jugated  histamine  (55,  56,  119).  Irvine  and  associates  have 
demonstrated  that  active  free  histamine  is  absorbed  directly 
across  the  bowel  wall  (56) .  Also  the  presence  of  a  high 
protein  diet  seems  to  be  a  stimulus  to  release  endogenous 
histamine  from  the  intestinal  mucosa  (106,  119).  This  increase 
of  the  intestinal  output  of  histamine  has  not  been  shown  after 
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a  diet  of  carbohydrate  and  fat  (111) ,  nor  do  individual 
amino-acids,  except  histidine  (56),  cause  a  histamine  release. 

The  action  of  the  intestinal  wall  on  absorbed 
histamine  is  not  definitely  known.  The  bowel  wall  is  rich 
in  amine  oxidase  (histaminase )  (121)  and  Rochae  Silva  (1943) 

suggested  that  the  active  histamine  absorbed  across  the 
intestinal  wall,  may  be  protected  from  this  enzyme  by  being 
combined  with  a  protein  or  other  substance  (97) .  This  complex 
could  then  be  released  into  the  circulation  and  then  be 
converted  back  to  active  histamine  in  the  circulation. 
Histaminase  in  the  bowel  wall  may  deaminate  some  of  the  free 
active  histamine  before  it  enters  the  portal  circulation. 

The  intestinal  tract  in  addition  has  some  ability  to  inactivate 
small  quantities  of  arterial  histamine  rise  (5)  but  does  not 
seem  capable  of  significant  histamine  inactivation  according 
to  perfusion  studies  (116)  „ 

HISTAMINE  METABOLISM  -  LIVER 

The  teleological  role  of  the  liver  was  to  act  as 
a  metabolic  sponge  or  guardian  preventing  noxious  gastro¬ 
intestinal  tract  substances  from  entering  the  systemic  circu- 

« 

lation.  Histamine  was  pictured  as  one  of  these  substances  and 
considered  inactivated  by  the  liver  by  simple  deamination 
and  oxidation  to  imidazole  acetic  acid  (118) . 

This  hypothesis  was  supported  by  the  uniform 
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presence  of  amine  oxidase  in  the  liver  (15) ,  but  it  was  not 
known  whether  this  histaminase  was  a  specific  enzyme  or  one 
of  a  number  of  monoamine  or  diamine  oxidases  (64) .  Some 
histamine  is  inactivated  by  amine  oxidase  in  the  liver  but 
this  does  not  seem  to  be  of  any  importance  in  the  total  quantity 
of  histamine  catabolized  (131) , 

Acetylation  or  conjugation  of  histamine  was  considered 
as  a  possible  hepatic  mechanism  of  histamine  inactivation, 
but  Wilson  (1954)  noted  that  parenterally  administered  histamine 
was  not  acetylated  (126)  and  Livingston  and  Code  (1955)  after 
their  studies  in  dogs,  concluded  that  the  liver  does  not 
acetylate  histamine  (80) .  Urbach  (1949)  had  studied  this 
problem  and  found  that  the  intestinal  bacteria  effectively 
conjugated  exogenous  histamine  (120) „  This  is  now  understood 
to  be  the  source  of  acetylhistamine  and  not  considered  a 
primary  pathway  of  histamine  degradation. 

In  1956  Kobayashi  and  Schayer  suggested  that 
histamine  could  be  degraded  by  methylation  in  the  liver  (69) . 

The  biochemical  pathways  of  this  process  have  since  been 
clearly  described  (18,  75),  Methylation  effects  the  imidazole 
ring  nitrogen  of  the  histamine  molecule  and  occurs  in  the 
soluble  fraction  of  liver  cells  catalized  by  the  enzyme 
methyl  transferase  (75) „  This  metabolic  pathway  is  without 
a  doubt  the  most  important  breakdown  mechanism  of  histamine 
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and  the  inactive  product  (71) ,  1-4  methyl  histamine  (l-methyl-4 
(B-aminoethyl  imidazole) )  is  further  oxidized  to  form 
1-4-methylimidazole  acetic  acid,  the  excretory  byproduct 
found  in  urine . 

Another  form  of  methylation,  effecting  the  side 
chain  of  the  histamine  molecule  produces  a  breakdown  product 
of  histamine  called  N ' -methylhistamine  (4- (2-methylaminoethyl) 
imidazole)  which  has  also  been  found  in  human  urine.  This 
product  does  have  pharmacological  properties  similar  to 
histamine  but  with  decreasing  potency  as  methylation 
continues  to  degrade  through  successive  steps  (14) „  Gaddum 
(1962)  recently  pointed  out  that  side  chain  methylation  may 
be  an  important  breakdown  pathway  allowing  partly  inactivated 
histamine  to  be  present  in  the  circulation  (47) „  This  new 
concept  however,  is  not  clear  and  the  mechanisms  involved 
have  not  yet  been  described,. 

Early  biological  studies  by  Dale  and  Laidlaw  (1910) 
Guggenheim  and  Loeffler  (1916)  and  Best  and  McHenry  (1930) 
failed  to  demonstrate  the  inactivation  of  more  than  very 
small  amounts  of  histamine  by  the  liver  (12,  26).  Steggerda 
(1935)  found  considerable  histamine  clearance  by  the  liver 
when  comparing  it  to  other  organs  such  as  the  intestinal 
tract  and  extremities  (116) .  More  recent  studies  with  the 
aid  of  sensitive  histamine  measurements,  isotope  material 
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and  well  controlled  perfusion  techniques  have  demonstrated 
that  the  liver  does  adequately  inactivate  large  amounts  of 
histamine  presented  to  it  (5,  56,  74).  The  hepatic  effluent 
level  of  active  histamine  does  not  significantly  parallel 
the  postprandial  portal  rises  nor  do  intraportal  injections 
of  physiological  quantities  of  histamine  (89,  112).  Even 
when  large  unphysiological  doses  of  histamine  are  given  into 
the  portal  circulation,  the  load  is  inactivated  up  to  80% 
during  the  first  passage  through  the  liver  (33,  89). 

The  liver  does  not  inactivate  all  histamine,  but 
allows  a  background  level  of  active  histamine  to  remain  in 
the  hepatic  effluent.  This  histamine  however,  may  be  altered 
in  some  as  yet  undetectable  way  thus  rendering  it  unable  to 
affect  such  processes  as  gastric  secretion  (56) . 

Liver  is  able  to  release  histamine  into  the  hepatic 
venous  outflow  if  stimulated  by  48/80,  a  chemical  histamine 
liberator  (89) ,  or  if  bile  salts  are  injected  into  the 
hepatic  arterial  circulation  (5) .  Such  techniques  as  restricted 
blood  flow,  liver  anoxia  or  intravenous  curare  do  not 
stimulate  histamine  release  from  the  liver.  These  techniques 
are  very  drastic  and  unphysiological  and  under  normal 
circumstances  histamine  is  not  released  by  the  liver. 

HISTAMINE  METABOLISM  -  LUNG 


The  lungs  have  been  shown  to  degrade  some  humoral 
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agents  circulating  within  the  blood  stream  (36) ,  so  if  the 
lungs  have  the  propensity  for  metabolic  activity  then  they 
are  more  strategically  placed  within  the  circulatory  system 
than  the  liver.  The  inactivation  of  histamine  by  the  lung 
and  heart,  studied  in  dogs  by  Steggerda  (1935) ,  showed  that 
after  3  hours  of  perfusion  such  a  small  amount  of  the  amine 
had  been  removed  that  the  use  of  the  heart  lung  preparation 
as  a  pump  for  studying  the  perfusion  of  histamine  through 
other  organs,  did  not  appear  open  to  objection  (116) „ 

Lilja  and  Lindell  (1961)  studying  the  metabolism  of  - 
histamine  in  heart-lung-liver  preparations  of  cats  also  found 
that  the  rate  of  inactivation  seemed  to  be  too  slow  to  be 
of  any  physiological  significance  (74) .  A  more  recent  study 
by  Eiseman  (1964)  again  documents  the  failure  of  canine 
lungs  to  inactivate  histamine  at  a  rate  which  would  be  of 
any  physiological  importance,  for  after  30  minutes  of  perfusion 
he  was  still  able  to  account  for  82%  of  the  histamine  added 
to  the  perfusate  (36) . 

Lung  tissue  contains  considerable  amounts  of 
histamine .  Most  of  this  histamine  is  bound  within  mast 
cells  which  are  more  abundant  within  the  pleural  tissue 
than  the  lung  parenchyma  (96)  .  Not  all  endogenous  histamine 
in  the  lungs  is  bound  within  the  mast  cells  some  being  stored 
by  the  pulmonary  parenchyma.  Pulmonary  endogenous  histamine 
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seems  to  be  in  a  bound  inactive  form.  Although  not  universally 
agreed  to,  canine  lungs  have  been  considered  to  have  more 
endogenous  histamine  than  canine  liver,  stomach  or  intestinal 
tract  (40,  121).  Under  abnormal  conditions  (e„g„  allergic 
stimulation)  this  bound  endogenous  histamine  can  be  released 
from  the  lung  and  cause  local  allergic  or  anaphylactic  reactions 
(107) .  Normally  though,  active  histamine  does  not  seem  to 
be  liberated  from  the  lung  tissue „ 

Waton  did  not  find  any  indication  of  histidine 
decarboxylase  being  present  in  the  lungs  (121) ,  and  histidine 
added  to  a  lung  perfusate  did  not  result  in  increased  histamine 
formation  (46)  ,  indicating  that  apart  from  the  mast  cells, 
histamine  is  not  produced  by  canine  lung,  Amine  oxidase 
(histaminase )  is  present  only  in  small  insignificant  amounts 
in  lung  tissue  (121)  and  this  did  not  seem  to  be  sufficient 
to  oxidize  methyl  histamine  in  Lilja's  studies  (74). 

Pulmonary  tissue  contains  the  imidazole-N  methyl  transferase 
enzyme  in  small  amounts  (18) ,  but  not  enough  to  cause  significant 
histamine  methylation „  There  is  no  evidence  for  acetylation 
of  histamine  by  the  lungs  (74) ,  The  presence  of  histamine 
inactivating  enzymes  in  the  lung  tissue  is  considered 
important  only  in  the  inactivation  of  locally  released  histamine 
but  does  not  significantly  influence  the  histamine  carried 
through  this  tissue  by  the  circulatory  system. 


. 


;  '  a  ■  a  tp0O'Ini 


23 


HISTAMINE  METABOLISM  -  PERIPHERAL  BLOOD 

Normally  histamine  is  present  in  mammalian  blood, 
a  fact  not  realized  until  1935  (9) ,  and  is  found  in  greater 
concentrations  within  the  cellular  fraction  than  in  the 
plasma.  Since  this  fact  was  first  recognized,  most  studies 
have  attempted  to  clarify,  where  this  histamine  comes  from; 
in  what  form  it  is  carried  in  the  blood;  and  to  what  extent 
the  blood  can  destroy  this  histamine. 

Histamine  in  the  blood  stream  may,  as  has  recently 
been  shown,  be  produced  by  the  basophilic  leucocytes,  which 
are  closely  related  to  the  mast  cell.  This  is  demonstrated 
clearly  in  blood  from  patients  with  myelogenous  leukemia 
but  can  only  be  shown  in  normal  blood  after  leucocytic 
concentration  976) ,  and  is  not  considered  a  major  source  of 
blood  histamine  in  normal  individuals. 

Emmelin  (1945) ,  investigating  the  possibility  that 
histamine  was  present  in  plasma  in  an  active  form,  although 
he  reasoned  that  histamine  must  be  bound  to  reduce  its 
physiological  activity  or  protect  it  from  degradation  in 
plasma,  concluded  from  his  studies  that  indeed  there  was 
physiologically  active  histamine  present  in  plasma  (37) . 

He  also  demonstrated  that  intravenous  histamine  injections  if 
carried  out  slowly  could  raise  the  plasma  active  histamine  to 
unphysiological  heights  without  adverse  systemic  effects. 
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From  this  he  assumed  that  either  there  was  an  adaptation  to 
high  levels  of  active  histamine,  or  some  binding  mechanism 
was  at  work  preventing  excessive  stimulation.  He  reasoned 
that  some  regulatory  mechanism  was  present  maintaining  tissue 
and  plasma  active  histamine  levels  (37,  49) .  Some  of  these 
findings  were  disputed  by  Colldahl  (1946)  who  tested  Emmelin's 
methods  and  disagreed  that  histamine  occurred  in  the  active 
form  in  plasma.  He  did  state  that  the  active  histamine  in 
Emmelin's  work  may  have  been  liberated  by  experimental 
technique  and  so  would  be  active  in  his  samples  but  not 
active  in  its  biological  environment.  He  did  not  comment  on 
the  concept  of  a  very  labile  binding  mechanism  (23) „  These 
binding  forces  have  been  examined  by  Hagen  and  concluded 
as  being  quite  weak  (51) . 

Once  the  histamine  is  released  it  appears  in  the 
tissue  fluid  and  circulation  and  it  is  then  that  it  exerts  its 
biological  action.  Between  the  phase  of  the  release  and  the 
phase  of  binding  to  sites  of  stimulation,  the  histamine 
molecule  is  carried  in  aqueous  solution  in  an  active  state, 
either  free  or  loosely  bound  (16) .  These  binding  properties 
of  blood  are  not  clear,  but  it  seems  that  some  histamine  may 
be  loosely  bound  by  an  ionic  linkage  which  does  not  require 
an  enzyme  for  release  (87) .  Some  of  the  histamine  which  is 
intracellular  may  be  bound  in  association  with  the  mitochondrial 
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fraction.  Some  will  be  loosely  and  reversibly  bound  with 
the  intracellular  protein,  possibly  by  a  physical  bond, 
and  be  in  a  diffusible  form  (45) .  The  extracellular  plasma 
also  has  a  histaminopexic  power  -  it  destroys  some  of  the 
histamine,  reduces  the  sensitivity  of  some  of  the  histamine 
and  retains  a  part  of  the  histamine  in  a  bound  form.  In 
plasma,  the  fraction  responsible  for  reducing  the  sensitivity 
of  and  binding  the  histamine  corresponds  to  the  g-globulin 
proteins.  Studies  suggest  that  this  binding  is  of  a  physical 
nature  and  one  which  is  quite  labile  (91) . 

Lindell  (1961)  specifically  investigated  the  distri¬ 
bution  of  C^-histamine  added  to  blood  (79)  .  After  one  hour 
of  incubation,  80-100%  of  the  histamine  was  recoverable  un¬ 
changed.  His  in-vitro  studies  showed  that  the  histamine 

became  equally  distributed  between  the  cells  and  the  plasma, 
and  when  these  cells  were  suspended  in  histamine-free 
plasma,  the  labelled  histamine  tended  to  become  equally 
distributed  again  between  cells  and  plasma.  His  in-vivo 
studies  in  dogs  gave  similar  results.  These  studies  suggest 
that  in  man  and  dogs,  this  slow  diffusion  of  histamine  in 
and  out  of  cells,  is  not  important  in  the  inactivation  of 
histamine  in  circulating  blood.  Control  studies  in  systems 
using  tissue  perfusion  with  histamine  loaded  autologous  blood 
as  the  perfusate,  gives  additional  information.  Lilja  and 
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Lindell  (1961)  in  perfusion  studies  to  test  for  methylation, 
incubated  histamine  with  cat  blood  and  after  2  hours 

found  virtually  no  methylhistamine  resulting  (74).  Moore, 
Normell  and  Eiseman  (1963)  in  canine  liver  perfusion 
studies,  found  no  appreciable  histamine  disappearance  from 
the  whole  canine  blood  when  the  liver  was  excluded  from  the 
perfusion  circuit  (89) ;  and  Eiseman,  Bryant  and  Waltuch  (1964) 
in  perfusion  studies  of  canine  lungs  found  that  after  30 
minutes  of  perfusion  without  the  lung  in  circuit,  82%  of 
the  load  was  still  recoverable  (36) . 

Blaschko  (1959)  studied  enzymatic  degradation  of 
histamine  in  mammalian  plasma  and  noted  in  dogs  such  a 
great  variation  in  plasma  amine  oxidase  activity  that  he 
assumed  that  plasma  oxidases  could  not  be  important  in  the 
function  of  histamine  deamination  (17) .  Lindell  (1958)  had 
previously  also  doubted  the  role  of  "histaminase "  as  a 
breakdown  mechanism  of  plasma  histamine  (77) .  Blaschko 
did  conclude  that  plasma  amine  oxidases  are  able  to  oxidize 
1-4  methylhistamine  but  this  did  not  seem  to  be  an  important 
part  of  their  function  either. 

The  peripheral  circulation  is  central  in  the 
regulation  of  histamine  homeostasis.  This  regulation  must 
be  a  very  dynamic  mechanism  when  considered  in  the  triad  of 
histamine  absorption,  liberation  and  production;  histamine 
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binding?  and  histamine  inactivation,  destruction  and 
excretion „  Recent  reported  but  unpublished  work  by  Yakimets 
and  Bondar  (130)  suggests  that  the  margin  between  stimulation 
and  no  stimulation  of  gastric  secretion  by  intravenous  histamine 
infusion  studies  is  as  small  as  2  pg.  per  hour  in  dogs .  This 
quantity  difference  of  histamine  is  virtually  impossible  to 
detect  in  the  peripheral  arterial  circulation  and  indicates 
the  importance  of  a  mechanism  or  mechanisms  that  maintains 
a  fine  control  over  peripheral  histamine  concentrations,, 

HISTAMINE  EXCRETION  -  KIDNEY 

Since  the  investigation  of  Best  and  McHenry  (1930) 
the  capacity  of  the  kidneys  to  inactivate  histamine  is  well 
known,  Steggerda  (1935)  furnished  additional  proof  by  perfusion 
studies  of  the  ability  of  the  kidneys  to  quickly  eliminate 
histamine  from  the  blood  (116) „  Anrep  (1944)  had  also  shown 
the  rapidity  of  the  urinary  removal  of  acetyl  histamine  (4) „ 

In  a  study  of  the  enzymatic  activity  of  the  kidney, 
Waton  (1956)  found  no  histidine  decarboxylase,  no  free 
histamine,  but  large  quantities  of  "histaminase "  in  kidney 
tissue  of  dogs  (121) «,  In  a  study  of  the  renal  removal  of 
injected  histamine  from  blood  in  dogs,  Lindell  and  Schayer 

(1958)  found  that  the  renal  tubules  picked  up  histamine 
from  the  blood,  but  actively  secreted  only  a  small  amount  of 


this  in  the  free  form„  There  was  no  evidence  for  renal  storage 
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of  histamine.  The  kidney  metabolized  some  of  the  histamine 
by  deamination  and  oxidation,  some  by  methylation  and  some 
of  this  methyl  histamine  was  acted  on  by  histaminase  to  form 
methylimidazoleacetic  acid  (78) , 

From  these  studies,  the  kidney  is  assumed  to  play 
an  important  role  in  removing  histamine  from  the  blood, 

Lindell  and  Schayer  estimated  that  140  cc.  blood  was  cleared 
every  minute  of  C^  histamine  and  its  metabolites  by  the 
kidneys  (78) . 

THE  LYMPHATIC  SYSTEM 

Living  tissue  is  for  the  most  part  a  collection  of 
cells  bathed  in  a  fluid  medium.  This  interstitial  fluid 
constitutes  what  the  French  physiologist,  Claude  Bernard, 
named  the  "milieu  interieur"s  the  internal  environment  of  the 
organism  that  is  the  true  environment  of  its  cells.  The 
interstitial  fluid  brings  nutrients  to  the  cells  and  carries 
away  waste  products;  its  composition  varies  in  space  and  time 
under  the  control  of  the  co-ordinated  physiological  processes 
that  maintain  homeostasis,  the  remarkably  steady  state  that 
characterizes  the  internal  environment  of  a  healthy  organism. 
In  the  maintenance  of  the  homeostasis  of  the  interstitial 
fluid  the  circulation  of  the  blood  is  obviously  of  fundamental 
importance.  In  the  higher  vertebrates  there  is  a  second 
circulation  that  is  equally  essentials  the  lymphatic  system. 
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Its  primary  function  is  to  recirculate  the  interstitial  fluid 
to  the  blood  stream,  thereby  helping  to  create  a  proper 
cellular  environment  and  to  maintain  the  constancy  of  the 
blood  itself.  It  also  serves  as  a  transport  system,  conducting 
specialized  substances  from  the  cells  taking  them  into  the 
blood  stream.  In  recent  years  physiologists,  biochemists, 
physicians  and  surgeons  have  been  studying  the  lymphatic 
circulation  intensively,  in  health  and  disease.  Their 

t 

investigations  are  providing  much  new  information  on  how 
the  body  functions,  explaining  some  heretofore  poorly 
understood  clinical  observations  and  even  suggesting  new 
forms  of  treatment  (83) . 

The  lymphatic  system  arises  by  the  budding  of  primary 
lymph  sacs  from  the  veins  in  four  major  areas  -  a  paired 
jugular  set,  a  paired  iliac  set,  a  retroperitoneal  lymph 
sac,  and  a  cisterna  chyli  lymph  sac.  The  thoracic  duct 
system  is  formed  by  the  union  of  a  duct  or  ducts  growing  caudad 
from  the  jugular  sacs  and  a  plexus  arising  from  the  cisterna 
chyli  and  extending  cephalad  (100) .  Wide  variations  may 
exist  in  all  portions  of  the  duct,  but  in  humans  and 
similarly  in  dogs,  the  thoracic  duct  typically  begins  at 
the  upper  border  of  the  cisterna  or  receptaculum  chyli  at  the 
level  of  the  2nd  lumbar  vertebra.  A  single  duct  passes 
through  the  aortic  hiatus  of  the  diaphragm  between  the 
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azygos  vein  and  aorta,  slightly  to  the  right  side  of  the 
vertebral  column.  At  the  level  of  the  4th  or  6th  dorsal 
vertebra,  the  duct  crosses  to  the  left  of  the  vertebral  column 
and  continues  cephalad  to  enter  the  superior  mediastinum 
between  the  aortic  arch  and  left  subclavian  artery  and  the 
left  side  of  the  esophagus.  After  passing  the  thoracic 
inlet,  the  duct  arches  3-5  cm.  above  the  clavicle  and  passes 
anterior  to  the  subclavian  artery,  vertebral  artery  and  thyro¬ 
cervical  trunk  to  terminate  in  the  region  of  the  angle  formed 
by  the  junction  of  the  left  jugular  and  subclavian  veins. 
Multiple  anastomoses  between  lymphatic  channels  and  the 
thoracic  duct  may  exist,  and  direct  lymphatico-venous  communica¬ 
tions  may  occur.  The  right  side  of  the  head  and  neck  and 
right  upper  extremity  drain  to  the  right  lymphatic  duct. 

The  right  side  of  the  thorax,  right  lung,  pleura,  lower 
portions  of  the  left  lung,  pericardium,  heart,  surface  of  the 
liver  and  even  peritoneum  may  drain  through  the  right 
lymphatic  duct  to  enter  the  right  subclavian  vein  (29) . 

Physiologically  the  lymph  from  the  thoracic  duct 
contains  the  most  important  constituents,  but  the  right 
lymphatic  system  drains  a  large  volume  of  lymph  which  if  lost 
from  the  body  could  create  adverse  effects.  The  thoracic  duct 
contains  the  lymph  and  chyle  from  the  intestines,  the  hepatic 
area  and  lower  extremity.  The  formation  of  thoracic  duct 


m  •** **»  * b6ia^3  s9ofli:fno0  bne  ’ 

3at  bne  x„*»  Ml wx«ft»  «•*  bw  dow^iw,  #a'"i!5d| 

Di=6^orii  erf,  eniEBEq  xe,5A  . BUpedqo«e  erf*  *>  -!  8  Xi,X 

-o^rf*  bne  x***«  *W*“  n6iv6loduB  ^  °  1  " 

be.™*  eien*  erf*  *»  noxpe,  erf*  «*  e*enx«.«i  a*  *««*  ^  " 

.anXev  aeiveXodue  bne  »**«  *1  erf,  ,o  nox,en*t  erf*  ** 


orfi  bne  aiennerfo  a£X  'X*M 

,Miw«oo  auonev-ooi*erfqraxX  *oe,xb  bne  ,*.**•  X-  *^;  =  38  •  ;rfJ 

ata  jo  eeelxnc  .*xeerf  ,m0xb«ox*eq  .W»X  «1  •*  °  c  ^ 

irici,  ari,  rfpnoqrf,  nxexb  X*™  *u»no,i,eq  neve  bne  »vxi 

.(«*.)  niev  nexveXcdne  **i?  •<«*  **»*•  <*  *“*  b 
jrfpxx  erf,  ,ud  ..*fieu*i,«floa  ,ne,xoqm/  Jeon  erf,  »!«*"<» 

oileqeri  A*  .eenxia^nl  erf*  <  P*»  «*£*»  bne  riqmYl  S<t> 


31 


lymph  occurs  largely  from  the  small  intestine  where  during 
digestion  increased  amounts  of  protein,  fat,  carbohydrates 
and  absorbed  fluid  pass  into  the  lymphatics .  The  increased 
lymph  flow  during  digestion  is  not  seen  after  a  pure  protein 
or  carbohydrate  meal.  The  absorption  of  fat  may  increase 
lymph  flow  2-10  times  the  resting  level.  Hepatic  lymph  may 
contribute  from  25-50%  of  the  thoracic  duct  lymph  volume. 

This  lymph  is  high  in  protein,  approximating  the  protein 
level  of  plasma.  Lymph  flow  from  the  lower  extremities  during 
rest  is  negligible. 

Lymph  flow  is  mainly  the  result  of  lymphatic  valves 
and  extrinsic  pressure.  An  increase  in  pressure  of  tissue 
and  tissue-fluid,  direct  cisterna  pressure  from  coughing, 
straining,  lifting  and  breathing  will  give  a  propulsive  force 
and  the  valves  will  direct  the  flow  cephalad. 

Drugs,  such  as  Pitressin,  pilocarpine,  and 
acetylcholine  will  increase  bowel  peristalsis  and  hence  the 
lymph  flow  rate.  Histamine  will  increase  capillary  permeability 
and  venule  constriction  to  result  in  increased  lymph  flow  (6) „ 
Flow  rates  of  thoracic  duct  lymph  are  variable,  and  have  been 
estimated  at  7.5-162.0  cc .  per  hour  (19),  but  approximately 
equal  to  the  blood  volumes  of  the  fasting  animal  per  day. 

The  basic  constituents  of  lymph  are  similar  to 
those  of  plasma.  Studies  of  protein  fractions  of  lymph  show 
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all  proteins  found  in  plasma  to  be  present  although  in  different 
proportions,  relative  to  molecular  weight.  Readily  diff usable 
ionic  constituents  of  lymph  and  plasma  are  the  same,  as  are 
the  non-ionic  diffusible  glucose,  amino-acids,  urea, 
creatinine,,  Cholesteral  and  phospholipids  are  found  as 
lipoproteins.  Enzymes  such  as  cholinesterase,  diastase, 
alkaline  phosphatase,  histaminase  are  found.  Neutral  in  the 
form  of  chylomicrons  is  present  depending  on  the  state  of 
digestion  and  the  nature  of  the  diet.  The  principal  cells 
are  lymphocytes.  Lymph  is  bacteriostatic  and  resists 
putrifaction  for  weeks  if  left  standing  open  in  room 
temperature  (129) . 

Only  recently  have  greater  efforts  been  made  to 
study  the  lymphatic  system  as  a  pathway  for  transportation 
of  blood  constituents  other  than  fats,  proteins  and  electrolytes. 
For  many  years  it  was  recognized  that  the  lymphatic  system 
absorbed  the  long  chain  fats  such  as  stearic  and  palmitic  acids 
and  carried  them  to  the  bloodstream.  More  recently  the  lymphatics 
have  been  recognized  as  the  main  route  by  which  cholesterol 
makes  its  way  into  the  blood.  Lymph  is  also  being  studied 
now  as  the  possible  route  whereby  large  molecular  weight 
hormones  can  pass  from  endocrine  glands  to  the  circulatory 
system.  This  increasing  attention  to  lymph  analysis  is 
important  because  enzymes  and  humoral  agents  have  been  recently 
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found  in  lymph  whereas  their  detection  in  the  bloodstream  has 
failed  due  to  hemodilution.  Nevertheless  the  importance 
of  the  addition  of  these  factors  by  lymph  to  the  blood  stream 
are  becoming  increasingly  appreciated 0 

In  1962  Daniel  et  al  found  that  a  significant 
portion  of  the  thyroid  hormone  is  carried  away  by  the 
lymphatics  and  stated  that  this  pathway  must  be  taken  into 
account  in  all  studies  of  thyroid  hormone  secretion  (2  7)  <, 

Lever  and  Peart  (1962)  demonstrated  renin  in  lymph 
coming  from  the  kidney  and  Kolmen  has  been  able  to  reverse 
renal  hypertension  in  experimental  animals  by  thoracic  duct 
diversion  into  the  esophagus  (13)  .  Dumont,  Mayer  and  Mulholland 
(1964)  have  demonstrated  also  that  by  surgical  diversion  of 
the  thoracic  duct,  a  suppression  of  immunologic  activity 
results  with  prolonged  survival  of  skin  homografts  (34) „ 

Other  possibilities  in  the  treatment  of  biliary  atresia  (2) , 
and  ascites  may  develop  as  improved  techniques  in  thoracic 
duct  shunt  procedures  make  this  a  potential  clinical  application 
(88)  . 

Histamine  has  been  found  in  thoracic  duct  lymph 
under  conditions  of  anaphylactic  shock  in  rats  (81)  and  dogs 
(32) .  Histamine  was  measured  in  postprandial  thoracic  duct 
lymph  recently  by  Kelly  (1963)  and  by  Drapanas  (1965)  in 
hepatic  lymph  after  intraportal  histamine  infusion  (33,  66) . 
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Kelly  did  not  feel  that  histamine  in  the  lymph  was  the 
secretagogue  responsible  for  gastric  stimulation  and 
Drapanas  concluded  that  histamine  does  not  pass  from  the 
liver  to  the  thoracic  duct  via  hepatic  lymphatics. 

In  1948,  Carlsten,  Kahlson  and  Wicksell  examined 
thoracic  duct  lymph  for  histamine  and  histaminase  activity 
(21) .  These  investigations  demonstrated  that  the  lymph  was 
exceedingly  rich  in  histaminolytic  activity,  and  even  intra¬ 
lymphatic  infused  histamine  was  difficult  to  detect  in  the 
thoracic  duct  by  bioassay  methods.  Further  studies  by 
Carlsten  (20)  demonstrated  that  the  histaminase  in  lymph 
was  originating  primarily  from  the  kidneys,  and  the  gastrointest¬ 
inal  tract. 

Feng,  Hou  and  Lim  (1929)  and  Kim  and  Ivy  (1933)  did 
not  find  any  factors  in  lymph  from  postprandial  dogs  which 
would  influence  gastric  secretion  (43,  68).  However, 

Johnston  and  Code  (1960)  collecting  lymph  from  dogs  at 
various  phases  of  gastric  secretion  found  both  inhibitory 
and  excitatory  factors  in  various  fractions  of  the  lymph  (57) . 
More  recently,  Kelly,  Ikard,  Nyhus  and  Harkins  (1963)  found 
that  when  postprandial  autologous  lymph  was  returned  to  the 
animals  intravenously,  gastric  pouch  output  increased,  whereas 
fasting  lymph  did  not  show  this  effect.  They  did  not  find 
a  difference  of  effect  in  fractionated  lymph  but  noted  that 


anoqaeu 

Y3iviio*  e  .inirnttaid  baa  anxmeiexfi  to*  tlqnrfX  ioLa  ,  o  bt  toiU 

. 


* 


rfoxrfw  .*ob  Xsibnsxqioq  moal  rfqor tL  ni  «**»*  *»  bnl  f°B 
i6  apob  mart  riq-.  YX  enidoeXXoo  (OdeX)  *bo0  bn«  noianrio 

(  )  rfc  nYX  srfi  50  enoxio^l  sue  iir.v  nx  sioio.l  bna 

i.itt  b.  aon  luc  rfqmy.  o<  Jeno.M3.  ii  t.  ars  i  o  .  i  -  » 


35 


2-4  hour  postprandial  lymph  was  more  stimulating  than  0-2 
hour  lymph.  Furthermore,  they  did  not  think  that  histamine 
was  the  secretagogue  responsible  (66) . 

On  the  basis  of  the  results  of  this  study,  Bondar 
and  Dritsas  (unpublished)  added  histamine  to  the  fluid  of 
their  stomach  perfusion  studies  in  equivalent  amounts  to  that 
found  in  fasting  lymph  (13  .5  ^ig/hour)  .  This  amount  did  not 
stimulate  gastric  secretion.  In  their  work  however,  histamine 
added  to  their  canine  stomach  perfusions  at  15  ^ig/hour  did 
stimulate  a  significant  increase  in  gastric  secretion. 

SUMMARY  OF  LITERATURES 

Histamine,  according  to  the  review  of  the  literature 
to  date,  is  a  widely  occurring  physiologically  active  substance 
present  in  our  diet  and  derived  from  histidine  by  a  decarboxy- 
lating  process.  The  gastrointestinal  tract  can  inactivate 
dietary  (exogenous)  histamine  by  bacterial  acetylation, 
absorb  it  directly  into  the  portal  bed,  or  release  it 
(endogenous)  from  the  intestinal  wall  tissue.  Absorbed  dietary 
histidine  is  decarboxylated  to  histamine  in  some  tissue  of 
some  animals.  The  majority  of  the  histamine  transported  via 
the  portal  blood  flow  is  inactivated  by  methylation  in  the 
liver,  but  that  which  is  transported  via  the  intestinal 
lymphatics  may  survive  total  inactivation  to  enter  the  lesser 
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pulmonary  circulation.  Since  the  heart  and  lungs  have  no 
significant  histamine  inactivating  function,  the  amount 
present  in  the  lesser  thoracic  circulation  will  enter  the 
arterial  circulation  virtually  unchanged  by  these  organs. 

In  blood ,  histamine  may  be  inactivated  by  oxidation, 
physical  or  chemical  binding  or  circulate  in  a  free  active 
state.  Bound  histamine  may  be  released  to  be  active, 
inactivated  or  bound  again.  Active  and  inactive  histamine 
in  the  blood  will  rapidly  be  excreted  by  the  kidneys. 

Active  histamine  in  the  arterial  circulation  may 
be  available  to  stimulate  histamine-responsive  physiological 
processes.  Histamine  may  be  transported  via  the  lymphatic 
system  in  spite  of  some  histamino lytic  ability  of  thoracic 
duct  lymph . 

OBJECT  OF  STUDY 


With  the  hypothesis  that  the  lymphatic  system  may 
be  an  important  physiological  histamine  transport  pathway 
and  with  a  background  of  the  pertinent  literature,  the  object 
then  of  this  investigation  is  to  study: 

1)  The  amount  of  active  histamine  transported  via 
the  lymphatic  system. 

2)  The  difference,  if  any,  in  the  amount  of  histamine 
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carried  by  the  lymphatic  system  in  fasting  compared  to 
postprandial  states. 

3)  Whether  the  active  histamine  concentration 
of  the  lymph  effects  any  changes  in  the  peripheral  arterial 
system  active  histamine  levels. 
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METHODS 


SELECTION  OF,  ANIMALS 

Mongrel  male  and  female  dogs  were  selected  at 
random  as  they  became  available  to  the  Vivarium.  Animals 
weighing  between  18-25  Kg.  were  used.  All  dogs  were  maintained 
in  isolation  for  two  weeks  and  in  this  time  were  treated  for 
any  obvious  deficiencies  and  helminths  under  the  supervision 
of  the  department  veterinarian. 

SURGERY 

A.  Laparotomy : 

The  first  of  the  two  operations  necessary  for  our 
experiment  involved  cannulation  of  the  portal  vein  and  upper 
jejunum  (Figure  IV) .  The  dogs  were  anaesthetized  with  intra¬ 
venous  Nembutal  (5  cc/Kg)  and  at  the  same  time  a  peripheral 
venous  blood  sample  was  withdrawn  for  baseline  (fasting) 
histamine  analysis. 

After  shaving  the  abdomen  free  of  hair,  the  animal 
was  placed  on  the  operating  table,  the  skin  prepared  with 
Betadine  solution  and  drapes  applied  for  sterile  technique 
and  surgery. 

A  midline  epigastric  incision  was  made  to  expose 
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FIGURE  IV.  SUPERIOR  MESENTERIC  VEIN  CANNUL AT ION 

A)  SUPERIOR  MESENTERIC  VEIN 

B)  INFERIOR  VENA  CAVA 

C)  STOMACH 

D)  LIVER 

THE  CATHETER  IS  THREADED  INTO  THE 


PORTAL  VEIN 
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the  abdominal  contents.  First  the  superior  mesenteric  vein 
was  identified  and  exposed.  A  purse-string  suture  (4-0  silk) 
was  placed  into  the  vein  through  which  a  Vivos il  cannula  then 
could  be  inserted  distally  to  lie  in  the  portal  vein. 

Following  this  procedure,  the  duodenum  was  brought 
out  of  the  incision  and  a  purse-string  (2-0  silk)  suture 
placed  into  the  antimesenteric  border  approximately  halfway 
down  the  duodenum.  A  polyethylene  tube  was  then  inserted 
through  a  stab-wound  within  the  purse-string  and  passed 
distally  to  lie  at  the  area  of  the  ligament  of  Trietz 
within  the  upper  jejunum.  The  duodenum  was  then  sutured  to 
the  peritoneum  of  the  right  abdomen  with  two  sutures .  Both 
cannulae  were  then  secured  to  the  peritoneum  and  brought 
out  of  the  right  abdominal  wall.  These  cannulae  were 
flushed  with  saline,  closed  and  tied  securely  to  each  other 
and  buried  under  the  skin.  Following  the  closure  of  the 
incision  with  two  layers  of  running  chromic  0  catgut  the 
animal  was  placed  back  into  its  cage  and  allowed  to  recover. 

B .  Postoperative  Care; 

Our  incidence  of  complications  was  small  with  only 
two  infected  wounds  and  one  evisceration.  These  animals 
were  excluded  from  the  series.  All  other  animals  were  allowed 
to  drink  water  immediately  upon  recovery  and  were  fed  on  the 
second  postoperative  day.  No  antibiotics  were  used  in  the 
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postoperative  period  to  avoid  any  disturbance  of  the  normal 
intestinal  bacterial  flora.  At  least  10  days  were  allowed 
for  the  recovery  period  before  the  second  operation  was 
performed . 

C .  Thoracotomy : 

The  dogs  were  not  fed  the  day  before  the  second 
procedure  which  was  an  acute  experiment.  They  were  then 
anaesthetized  and  prepared  as  for  the  first  operation.  For 
this  procedure  the  dogs  were  intubated  for  positive  pressure 
ventilation  and  placed  on  their  left  side  to  aid  a  right 
thoracotomy  exposure.  The  right  chest  was  entered  through 
the  11th  rib  space  and  exposure  maintained  by  retraction  and 
packing.  By  carefully  separating  the  parietal  pleura  off  the 
aorta  in  the  right  posterior  costophrenic  angle  the  thoracic 
duct  could  be  located  lying  to  the  right  of  the  aorta,  some¬ 
times  adherent  to  it  but  usually  lying  in  the  fatty  areolar 
tissue.  At  this  point  the  duct  was  opened  and  a  small 
Vivosil  cannula  inserted  proximally  to  pass  beneath  the 
diaphragm  and  lie  within  the  cisterna  chyli  (Figure  V) . 

A  ligature  was  tied  around  the  duct  and  cannula  and  secured 
to  the  pleura.  Finally  a  pediatric  scalp  vein  infusion 
needle  and  attached  cannula  was  inserted  into  the  aorta  and 
secured  for  arterial  blood  sampling.  Following  these 
procedures  the  retraction  was  removed  from  the  chest,  the 
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FIGURE  V.  THORACIC  DUCT  CANNULATION 
IN  RIGHT  CHEST 

A)  AORTA 

B)  DIAPHRAGM 

C)  LUNG 

SUTURES  AROUND  THORACIC  DUCT* 
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previous  buried  abdominal  catheters  freed  and  cleared  and  the 
long  saphenous  vein  of  the  left  leg  cannulated  for  peripheral 
venous  blood  sampling. 

EXPERIMENT 

A.  Grouping  of  Animals  % 

Half  of  the  dogs  in  the  series  (12)  had  all  the 
above  surgery  and  half  had  all  the  above  except  thoracic 
duct  cannulation. 

Each  of  three  groups  was  divided  into  fasting  and 
fed  animals  as  described  below.  The  groups  were  identified 
as  s- 

Aj  -  No  Thoracic  Duct  Cannulation  -  Fasting 

Ajj  -  No  Thoracic  Duct  Cannulation  -  Fed 

Bj  -  Thoracic  Duct  Cannulation  Last  4  Hours  -  Fasting 

BII  “  Thoracic  Duct  Cannulation  Last  4  Hours  -  Fed 

Cj  -  Thoracic  Duct  Cannulation  8  Hours  -  Fasting 

Cji  -  Thoracic  Duct  Cannulation  8  Hours  -  Fed. 

B .  Diet  and  Feeding: 

The  experimental  diet  consisted  of  120  gms .  of  a 
commercial  protein  dog  food  (Red  Top)  blended  in  a  Waring 
Blender  with  distilled  water  (total  protein  2800  mgm.). 

The  diet  mixture  was  then  injected  into  the  jejunostomy  tube 
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in  4  aliquots  during  the  first  hour  of  the  experiment,  at 
15  minute  intervals. 

Fasting  dogs  were  given  in  like  manner  a  volume  of 
distilled  water  equal  to  that  amount  used  to  dilute  the 
experimental  diet  (100  cc . ) . 

The  intrajejunal  route  of  feeding  was  used  because 
in  this  way  the  histamine  transported  from  the  intestine 
would  be  confined  either  to  the  portal  venous  or  intestinal 
lymphatic  systems.  Stomach  histamine  liberation  from 
intragastric  feeding  could  pass  mainly  to  the  portal  venous 
circulation  which  we  did  not  want. 

C.  Sampling  s 

After  the  surgery  was  completed  baseline  blood 
samples  were  taken  from  the  aorta,  portal  vein  and  peripheral 
vein  and  the  lymph  flow  allowed  to  stabilize  before  a  baseline 
sample  was  taken  (Figure  VI) . 

Immediately  following  this,  the  fasting  or 
experimental  diet  was  given  into  the  jejunum.  Fasting 
animals  were  sampled  every  2  hours  and  fed  animals  were 
sampled  every  hour  up  to  8  hours  (Figure  VII) .  A  small 
amount  of  saline  without  heparin  was  placed  into  the 
cannulae  at  the  end  of  each  sampling  to  prevent  clot 
formation.  The  lymph  cannula  was  allowed  to  drain  at  a 
point  lower  than  the  level  of  the  animal  to  create  a 
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FIGURE  VI.  EXPERIMENTAL  METHOD 

OUTLINED  DIAGRAMATICALLY. 

BLOOD  AND  LYMPH  SAMPLES 
TAKEN  FROM  POSITIONS  1,  2, 
3,  4  o 


46 


EXPERIMENTAL  METHOD 


8  Hour  Experiments 


Group  A  -  NO  LYMPH  DIVERSION 
Water 


Diet 


8  Fasting  Dogs  (4) 


2  3 _ 4 _ 5 _ 6 _ 7 _ 8_  Fed  Dogs  (4) 


Group  B  -  LYMPH  DIVERSION  4  HOURS 
Water 


ii 

Diet 

Jj; 


4  _ 6 _ 8_  Fasting  Dogs  (4) 

Thoracic  duct 

cannulation 

k -  - H 


23  4  567  8  Fed  Dogs  (4) 

Thoracic  duct  ' 

cannulation 


Group  C  -  LYMPH  DIVERSION  8  HOURS 
Water 


ii 

G= 

Diet 

ii 


2 _ 4  _ 6_^ _ 8_  Fasting  Dogs  (4) 

Thcracic  duct  cannulation 


2  3  4  5  6 


Thoracic  duct  cannulation 


8  Fed  Dogs  (4) 


FIGURE  VII.  EXPERIMENTAL.*  METHOD  SUMMARIZED 

SHOWING  THE  3  GROUPS  OF  FASTING 
AND  FED  DOGS,  WHEN  THE  DIET  WAS 
GIVEN  AND  WHEN  BLOOD  AND  LYMPH 
SAMPLES  WERE  TAKEN  0 

FASTED  DOGS  WERE  SAMPLED  EVERY 
2  HOURS ,  FED  DOGS  SAMPLED  EVERY 
HOUR . 


3aj<iMAa 


47 


slight  negative  pressure  on  the  thoracic  duct  and  cisterna 
chyli . 

This  technique  coupled  with  the  finding  that  at  the 
cisterna  chyli  and  lower  thoracic  duct  the  lymphatic  drainage 
is  primarily  a  unit  structure,  ensured  that  most  of  the 
gastrointestinal  lymph  was  diverted  from  the  dog  (Figure  VIII) . 


D „  Grouping  of  Results s 

The  experimental  results  were  considered  under  the 
following  categories s- 
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Study  A  Experimental  Controls . 

Study  B  Fasting  Compared  to  Fed  Animals . 

Study  C  Lymph  Histamine „ 

Study  D  Comparing  within  the  same  dog  total  lymph 

diversion  during  last  4  hours  to  no  lymph 
diversion  during  the  first  4  hours . 

Study  E  Dogs  without  lymph  diversion  compared  to 

dogs  with  8  hours  of  lymph  diversion . 


BIOCHEMICAL  STUDIES 

Each  5  cc„  sample  taken  was  then  placed  into  a 
heparinized  tube  and  refrigerated  for  24  hours  before  being 
assayed  for  histamine  by  the  fluorometric  method  detailed  by 
Shore  et  al  (1959)  (110)  „  Control  studies  were  also  made  on 
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FIGURE  VIII.  THORACIC  DUCT  LYMPHANGIOGRAM 

A)  HEART 

B)  LEFT  SUBCLAVIAN  VEIN 

C)  DIAPHRAGM 

FROM  CYSTERNA  CHYLI  SHOWING 
THORACIC  DUCT  DRAINAGE  INTO 
THE  LEFT  SUBCLAVIAN  VEIN. 
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divided  samples  to  test  any  variance  between  immediate  and 
24  hour  refrigerated  samples.  This  method  depends  on  the 
Butanol  separation  of  histidine  from  histamine  which  have 
nearly  the  same  fluorimetric  spectra 0  The  method  has  been 
used  widely  and  is  considered  the  most  accurate  method  of 
histamine  analysis. 

ANALYSIS 

In  many  situations  and  especially  in  biological 
research,  it  is  known  beforehand  that  certain  experimental 
units,  if  treated  alike,  will  behave  differently.  A 
completely  random  design  can  be  planned  only  when  no  sources 
of  variation  other  than  treatment  effects  are  known  or  can 
be  anticipated.  In  this  study,  where  variation  due  to 
biological  independence  can  mislead  the  results,  a  method  of 
statistical  examination  called  analysis  of  variance  can  be 
applied.  In  this  analysis,  designs  or  layouts  can  be  constructed 
such  that  a  portion  of  the  variability  attributable  to  a 
recognizable  or  predictable  source  can  be  measured  and  thus 
excluded  from  the  experimental  error,  and  at  the  same  time, 
differences  among  treatment  means  will  contain  a  minimum 
contribution  attributable  to  that  source  of  variance. 

Analysis  of  variance  is  essentially  an  arithmetic 
process  for  partitioning  a  total  sum  of  squares  into  components 
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associated  with  recognized  sources  of  variation  and  analyzing 
the  probability  that  the  difference  in  results  was  due  either 
to  treatment  or  chance  ,  (115) . 

In  addition,  where  the  method  was  applicable,  the 
Wilcoxon  Rank  Sum  test,  a  modified  t  test  was  applied  (125) 
in  this  study. 
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RESULTS 

STUDY  A  -  EXPERIMENTAL  CONTROLS 

Histamine  is  a  very  active  and  labile  substance, 
and  because  it  may  so  easily  be  released  into  the  circulation 
it  was  important  to  evaluate  some  of  the  effects  of  the  methods 
themselves  on  the  histamine  concentrations. 

Diet  -  The  diet  was  the  measured  amount  of  meat 
diluted  in  100  cc.  of  distilled  water  given  to  the  fed  animals, 
and  the  100  cc .  of  distilled  water  given  to  the  fasting  animals. 
The  protein  diet  showed  a  histamine  concentration  of  between 
76.6  -  222.0  ^ig/cc .  This  was  considered  an  adequate  amount 
of  exogenous  histamine  to  place  into  the  gastrointestinal  tract 
for  absorption  (Table 

Preanaesthetic  Venous  Histamine  -  This  was  measured 
to  determine  the  baseline  peripheral  venous  histamine  con¬ 
centrations  and  also  to  determine  the  effect  if  any  of  the 
anaesthetic  on  the  peripheral  venous  histamine  concentration. 
Peripheral  venous  histamine  concentrations  averaged  12,3  pg% 
(range  6.6  -  22,1)  (Table  l-I.II)  . 

Post  Surgical  Fasti  ng  Histamine  Concentration  -  This 
value  was  determined  on  peripheral  venous  blood  after  surgery 
and  before  tests  were  begun,  to  further  establish  if  the 
anaesthetic  plus  the  trauma  of  surgery  would  effect  the 
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TABLE  I 


EXPERIMENTAL  CONTROL  DATA 


• 

(Values  in  ;ug%  unless 

otherwise 

marked) 

1. 

Dietary  Protein 

Average 

2800  mgm% 

2. 

Histamine  Concentration 
in  Diet 

76.6  -  222.0  jug/cc. 

3. 

Preanaesthetic  Venous  rv 

Histamine  Concentration 

'Average 

Range 

12.3 

6.6  -  22.1 

4. 

Lymph  Flow  Volume /Hour 

Average 

Range 

Fasting  Feeding 

80  cc.  180  cc. 

30-145  cc.  110-225  cc. 

5. 

Analysis  of  Histamine 
Concentration  in  Blood 
Samples  Immediately  and 
Refrigerated 

Whole 

Plasma 

Cells 

'O'  Hour  24  Hour 

14.2  15.4 

9.5  8.7 

6.8  7.6 

-  22  - 
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TABLE  II 

PERIPHERAL  VENOUS  HISTAMINE  CONCENTRATION  IN  FASTING  DOGS 

Values  M9% 


DOG  # 

PREANAESTHETIC 

POST  ANAESTHETIC 

POST  SURGICAL 

BII  “  1 

16.80 

13.10 

BII  ~  2 

10.16 

10.82 

BII  “  3 

11.14 

14.28 

BII  “  4 

12.32 

10.85 

MEAN 


12.30 


12.26 


*  esuLeV 


oiT3HT2aA 
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fasting  peripheral  venous  concentrations  (Table  II)  .  No 
significant  difference  between  the  preanaesthetic  histamine 
values  and  the  post  surgical  histamine  values  was  noted  in  the 
peripheral  venous  concentration  (P>  0.10)  in  four  dogs. 

Fasting  Arterial  Levels  -  These  values  were 
plotted  to  show  that  the  influence  of  time  and  trauma  seemed 
to  cause  a  slow  rise  in  arterial  histamine  concentrations 
during  the  early  stages  of  the  experiment  in  fasting  dogs 
under  anaesthesia  for  an  eight  hour  period  after  surgery 
(Figure  IX) .  A  slight  increase  in  mean  arterial  concentration 
was  noted  to  occur  spontaneously  during  the  experiment.  This 
suggests  some  mobilization  of  histamine  during  the  experiment. 

Thet  general  decrease  of  arterial  histamine  concentration  during 
the  last  two  hours  suggests  a  change  in  histamine  regulation 
after  six  hours  of  experimentation.  This  trend,  analyzed  in 
four  dogs  (Table  VI)  with  an  average  arterial  concentration 
variation  of  ±  1.5  ug%  between  the  first  four  and  last  four 
hours,  showed  these  variations  not  to  be  significant  (Table  VI). 

Lymph  Flow  -  The  fasting  lymph  flow  averaged  79  cc./hour 
and  was  of  a  clear  straw  colour  with  a  slow  clotting  time. 

After  feeding  the  experimental  diet,  the  volume  increased  to 
an  average  156  cc./hour  and  remained  clear  and  straw  coloured 
for  the  first  three  hours,  then  becoming  decidedly  milky  in 
colour  until  approximately  seven  to  eight  hours  of  the 
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ARTERIAL  HISTAMINE  CONCENTRATION 

DURING  8  HOUR  EXPERIMENT 

4  Fasting  Dogs  —  No  Lymph  Diversion 


20- 


Mean  ) 


T 

6 


4 

HOURS 


T 

8 


FIGURE  IX.  THE  EFFECT  OF  TIME  AND  TRAUMA 

ON  ARTERIAL  HISTAMINE 
CONCENTRATION. 
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experiment.  The  clotting  time  of  the  lymph  was  observed  to 
increase  after  feeding  (Table  I-IV) . 

Analysis  of  Lymph  and  Blood  Values  -  When  half  of 
the  sample  of  lymph  or  blood  was  analyzed  immediately  the 
results  were  not  significantly  different  from  the  other  half 
of  the  sample  analyzed  after  24  hours  of  refrigeration 
(P>0.10)  (Table  III).  Analysis  of  histamine  concentration 
in  divided  whole  blood,  plasma  and  red  cell-fractions  also 
showed  no  significant  difference  between  immediate  and 
delayed  determinations  (Table  I-V) . 

STUDY  B  -  FASTING  COMPARED  TO  FED  ANIMALS 

In  the  group  of  dogs  with  no  lymph  diversion,  the 
portal,  arterial  and  peripheral  venous  histamine  concentrations 
between  fasting  and  feeding  were  compared  (Figure  X) „  Mean 
histamine  concentrations  are  given  in  Table  IV  and  show  an 
increase  in  all  parameters  in  the  fed  dogs.  By  averaging 
the  histamine  values  of  all  the  dogs  every  two  hours,  when 
the  general  increase  in  histamine  concentration  of  the  fed 
dogs  is  compared  to  the  fasted  dogs,  the  difference  between 
the  values  is  strongly  significant  (P  <  .005)  „ 

No  significant  difference  is  noted  between  the 
sources  (portal,  arterial,  peripheral  venous)  of  the  blood 
samples.  The  difference  in  histamine  concentration  between 
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TABLE  III 

COMPARATIVE  ANALYSIS  OF  DIVIDED  LYMPH  SAMPLES 

Values  in  ug% 


IMMEDIATELY 

24  HOURS 

00 

r" 

0 

00 

8.52 

8.41 

8.19 

7.69 

7.91 

10.22 

10.37 

9.59 

8.55 

MEAN  8.94 

00 

• 

o 

o 
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MEAN  HISTAMINE  CONCENTRATION 

IN 

PORTAL  ★  ARTERIAL  ^  SYSTEMIC  • 


Time  -  Hours 


FIGURE  X.  FED  DOGS  WITHOUT  LYMPH  DIVERSION 
SHOWED  A  GREATER  HISTAMINE 
CONCENTRATION  IN  PORTAL,  ARTERIAL, 
AND  SYSTEMIC  VENOUS  PARAMETERS  THAN 
THOSE  FASTING. 
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TABLE  IV 


THE  HISTAMINE  CONCENTRATION  INCREASE  SEEN  IN  DOGS 
WITH  NO  LYMPH  DIVERSION  AFTER  A  TEST  MEAL 

(*Means  Calculated  on  48  Values) 

Values  in  ug% 


HOUR  OF 

SAMPLE 

FASTING 

FED 

DIFF. 

PORTAL 

2 

11.1 

17.8 

4 

12.8 

17.6 

6 

13.7 

17.9 

8 

9.3 

18.2 

+6.1 

<■?■ 

ARTERIAL 

2 

11.2 

16.3 

4 

12.8 

16.4 

6 

11.6 

15.5 

8 

9.5 

15.9 

°VENOUS 


2 

i — 1 
• 

i — 1 
» — 1 

16.1 

4 

12.1 

14.9 

6 

10.7 

11.8 

8 

13.4 

13.6 

+2.2 

*MEAN  VALUE 

OF  GROUPS 

11.5 

16.1 

FASTING  DOGS  1076,  967,  1030,  1145 
FED  DOGS  1020,  1011,  1068,  1031 
*  P  < .005 
°  t=7 . 3 ,  P  <  .001 
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fasted  and  fed  dogs  was  most  noticeable  in  samples  taken  from 
portal  and  arterial  blood.  The  difference  between  the 
peripheral  venous  blood  histamine  concentrations  was  the 
least.  The  difference  however  is  significant  (t  =  3.1, 

P<  .001)  when  analyzed  by  the  unpaired  t-test.  Even  though 
the  peripheral  histamine  values  change  less  than  the  other 
two  sources,  in  fed  dogs  the  histamine  concentration  does 
increase  in  peripheral  venous  blood. 

In  each  group  of  dogs  (fasting  and  fed)  blood  was 
sampled  from  either  or  all  of  the  three  sources  -  portal, 
arterial,  peripheral  venous.  Within  each  group  there  was 
no  difference  in  histamine  concentration  between  any  of 
these  sources.  Regardless  of  which  sampling  sources  were 
compared,  there  was  always  a  significant  difference  between 
the  fasting  and  fed  groups  (P  <  .025) . 

STUDY  C  -  LYMPH  HISTAMINE 

Lymph  collected  from  fasting  and  fed  dogs  was 
analyzed  for  its  fasting  concentrations .  Fasting  dogs  showed 
an  average  concentration  of  13.5  }ig%  (9.6  -  18.8)  whereas 
fed  dogs  showed  a  mean  concentration  of  15.5  }ig%  (13.7  -  16.7) 
(Table  V,  Figure  XI) .  The  histamine  concentration  in  post¬ 
prandial  lymph  was  not  significantly  increased.  With  an 
average  hourly  histamine  concentration  of  13.5  )ig% 
in  fasting  dogs  who  averaged  79  cc .  of  lymph  per  hour, 
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xm!\  CONCENTRATION  Jjg% 

n  content/ hour 


FIGURE  XI.  LYMPH  FROM  FED  DOGS  SHOWED  A 

SIGNIFICANT  INCREASE  IN  HISTAMINE 
CONTENT  WITH  LITTLE  CHANGE  IN 
HISTAMINE  CONCENTRATION. 
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TABLE  V 


HISTAMINE  IN  LYMPH  COLLECTED  OVER  EIGHT  HOURS 

(*Means  Calculated  on  32  Values) 

Values  in  )ig% 


FASTING 


DOG 

DURATION  OF 
TEST  (HOURS) 

SAMPLINGS 
per  VALUE 

HISTAMINE 

CONCENTRATION 

LYMPH 

FLOW 

(cc/frour) 

^HOURLY 

HISTAMINE 

CONTENT 

843 

8 

4 

10.0 

65 

6.5 

1150 

8 

4 

16.2 

30 

5.4 

1114 

8 

4 

15.4 

145 

21.5 

1143 

8 

4 

12.5 

75 

10.0 

MEAN 

VALUES 

IT) 

o 

co 

i — 1 

79 

10.8 

FEEDING 


DOG 

DURATION  OF 
TEST  (HOURS) 

SAMPLINGS 
per  VALUE 

HISTAMINE 

CONCENTRATION 

pg% 

LYMPH 

FLOW 
(cc/hr ) 

^HOURLY 

HISTAMINE 

CONTENT 

1152 

8 

8 

14.7 

205 

28.7 

1153 

8 

8 

16.3 

110 

17.9 

1084 

8 

8 

16.2 

120 

19.4 

1144 

8 

8 

15.0 

190 

28.4 

MEAN 

VALUES 

15.5 

156 

23.6 

*t  =  3.5,  P<  .001 
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the  histamine  content  of  the  lymph  flow  in  fasting  dogs 
would  average  10.8  >ig/hour.  In  fed  dogs  averaging  15.5 
with  a  lymph  flow  of  160  cc.  per  hour,  the  histamine  content 
would  average  23.6  jug/hour .  Histamine  content  in  lymph  was 
significantly  different  between  the  fasting  and  fed  groups 
of  dogs,  showing  an  increase  with  feeding  (P<  0.01). 

STUDY  D  -  COMPARING  WITHIN  THE  SAME  DOG  TOTAL  LYMPH  DIVERSION 

DURING  LAST  FOUR  HOURS  TO  NO  LYMPH  DIVERSION  DURING 

THE  FIRST  FOUR  HOURS. 

This  group  of  dogs  was  studied  with  each  dog  as 
its  own  control,  by  leaving  the  thoracic  duct  intact  for 
four  hours,  then  diverting  the  lymph  during  the  last  four 
hours  of  an  experiment. 

Controls  -  Any  difference  in  histamine  concentrations 
occurring  between  the  first  and  last  four  hours  of  the 
experiment  in  animals  without  lymph  diversion  must  be  recognized 
to  prevent  incorrect  interpretation  when  lymph  is  diverted 
during  the  last  four  hours  in  this  study.  Fasting  and  fed 
dogs  without  lymph  diversion  during  an  eight  hour  experiment 
showed  no  significant  change  in  the  portal,  arterial  and 
venous  histamine  concentrations  in  the  last  four  hours  compared 
to  the  first  four  hours  (Table  VI) . 

Experiment  -  Fasting  dogs,  when  the  lymph  was 
diverted  during  the  last  four  hours  of  the  experiment, 
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TABLE  VI 


MEAN  HISTAMINE  CONCENTRATIONS  IN  PORTAL,  ARTERIAL  AND 
VENOUS  SAMPLES  IN  DOGS  WITH  NO  LYMPH  DIVERSION. 

THE  FIRST  FOUR  HOURS  COMPARED  TO  LAST  FOUR  HOURS. 

(*Means  Calculated  on  24  Values) 

Values  in  }xq% 


FASTING  -  4  DOGS 


SOURCE 

HOURS 

1-4 

HOURS 

5-8 

PORTAL 

11.7 

11.5 

ARTERIAL 

12.0 

10.5 

VENOUS 

11.6 

12.0 

*MEAN  VALUES  OF  GROUPS 

11.7 

11.4 

FED  -  4  DOGS 


SOURCE 

HOURS 

HOURS 

1-4 

5-8 

PORTAL 

17.8 

16.6 

ARTERIAL 

16.3 

15.8 

VENOUS 

15.5 

12.6 

*MEAN  VALUES  OF  GROUPS 

16.6 

15.0 

FASTING 

DOGS  - 

1076,  967,  1030,  1145 

FED  DOGS 

-  1020 

,  1011,  1068,  1031 

*Difference  not  significant. 
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showed  no  significant  change  of  the  histamine  concentrations 
in  the  portal,  arterial  and  venous  parameters  as  compared  to 
the  concentrations  in  the  first  four  hours  (Table  VII) .  Fed 
dogs  showed  a  significant  difference  between  the  first  and 
last  four  hours  of  lymph  diversion  (P<  *025) .  However,  the 
difference  between  the  arterial  values  of  the  fed  group  is 
not  significant  (P >  0.10).  The  difference  between  the  two 
groups  is  due  to  changes  in  portal  and  peripheral  venous 
histamine  concentrations  (Table  VII) . 

STUDY  E  -  DOGS  WITHOUT  LYMPH  DIVERSION  COMPARED  TO  DOGS  WITH 

EIGHT  HOUR  LYMPH  DIVERSION. 

Fasting  -  Fasted  dogs  without  lymph  diversion  were 
compared  to  fasted  dogs  with  lymph  diversion  for  eight  hours. 
The  portal,  arterial  and  venous  histamine  concentrations  of 
these  dogs  are  given  in  Table  VIII.  Analysis  of  these 
values  showed  a  significant  increase  in  total  histamine 
concentrations  after  lymph  diversion  (P<  .005).  The  difference 
between  the  histamine  concentrations  in  portal,  arterial  and 
peripheral  venous  sources  was  also  significant  (P <  .025). 

The  difference  between  the  first  and  last  four  hours  of  lymph 
diversion  was  not  significant. 

Feeding  -  Fed  dogs  without  lymph  diversion  were 
compared  to  fed  dogs  with  eight  hours  of  lymph  diversion. 

The  portal,  arterial  and  peripheral  venous  histamine 
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TABLE  VII 


MEAN  HISTAMINE  CONCENTRATION  IN  PORTAL,  ARTERIAL  AND 
VENOUS  SAMPLES  FROM  DOGS  WITH  LYMPH  DIVERSION 
DURING  THE  LAST  FOUR  HOURS  OF  THE  EXPERIMENT 

(Means  Calculated  on  48  Values) 

Values  in  p.g% 


FASTING  -  Mean  Values 

of  Four  Dogs  s 

SOURCE 

HOURS  1-4 

HOURS 

00 

I 

PORTAL 

13.0 

10, 

,9 

ARTERIAL 

co 

0 

rH 

11, 

,1 

VENOUS 

10.9 

12, 

,8 

*MEAN  VALUE  OF  GROUPS 

12.7 

11, 

,7 

FEEDING  -  Mean  Values 

of  4  Dogs  1 

SOURCE 

HOURS  1-4 

HOURS  4-8 

tPORTAL 

10.6 

12.4 

00  ARTERIAL 

11.3 

12.5 

VENOUS 

11.9 

13.0 

°MEAN  VALUE  OF  GROUPS 

11.3 

12.5 

FASTING  DOGS  -  C39,  506,  796,  535 
FED  DOGS  -  485,  1078,  1141,  1101 
^Difference  Not  Significant 
°P  <  .02  5 

00  Difference  Not  Significant 
TP  <  .001 
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TABLE  VIII 

MEAN  HISTAMINE  CONCENTRATION  IN  PORTAL ,  ARTERIAL  AND 
VENOUS  SAMPLES  WHEN  FASTING  DOGS  WITH  NO  LYMPH 
DIVERSION  ARE  COMPARED  TO  FASTING  DOGS  WITH 
LYMPH  DIVERSION  OVER  AN  EIGHT  HOUR  PERIOD 


(* **Means  Calculated  on  48  Values) 
Values  in  >ig% 


SOURCE 

SAMPLE 

INTERVAL 

(Hours) 

NO  LYMPH 

DIVERSION 

*  * 

LYMPH 

DIVERSION 

MEAN  VALUE  OF 

SOURCES 

PORTAL 

2 

11.3 

14.3 

12.7 

ARTERIAL 

2 

11.7 

9.6 

10.6 

VENOUS 

2 

11.9 

4.9 

13.4 

*MEAN  VALUE  OF  GROUPS  11.5 

12.9 

No 

Lymph  Diversion 

Dogs  -  1076, 

967,  1030,1145 

Lymph  Diversion  Dogs  -  843,  1150,  1114,  1143 

*  P<  .005 

**  P<  .025 

Difference  Between  First  and  Last 
Four  Hours  Not  Significant. 
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concentrations  are  given  in  Table  IX„  Analysis  of  these 
values  showed  a  significant  decrease  in  histamine  concentrations 
after  lymph  diversion  (P  <  .00  5) . 

In  Study  D,  no  significance  was  found  between  the 
arterial  histamine  concentrations  when  lymph  was  diverted 
during  the  last  four  hour  period  in  fed  dogs  (Table  VII) „ 

To  further  examine  where  the  arterial  histamine  concentration 
decrease  occurred  when  lymph  was  diverted  for  eight  hours, 
the  arterial  histamine  concentrations  of  the  first  four  hours 
were  compared  to  the  arterial  concentrations  of  the  last 
four  hours  in  the  fed  dogs.  During  the  second  four  hour  period, 
the  histamine  concentration  was  significantly  lower  than  the 
first  four  hour  period  (t  =  3.2,  P<0.01)  (Table  IX,  Figure  XII). 

Total  Lymph  Drainage  -  Portal,  arterial  and  peripheral 
venous  sources  of  fasted  dogs  with  eight  hours  of  lymph  diversion 
were  compared  to  those  of  fed  dogs  with  eight  hours  of  lymph 
diversion.  No  significant  difference  between  these  two  groups 
was  found  (Table  X) .  Also,  no  significant  difference  was  found 
between  the  sources  of  blood  sampling.  A  trend  did  appear  in 
which  the  fed  dogs  showed  a  lower  arterial  and  peripheral  venous 
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COMPARISON  OF  HISTAMINE  CON¬ 
CENTRATION  IN  DOGS  WITH  AND 
WITHOUT  LYMPH  FISTULA 
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FIGURE  XII.  ARTERIAL  HISTAMINE  CONCENTRATION  WAS 

SIGNIFICANTLY  HIGHER  IN  FED  DOGS  WHEN 
LYMPH  WAS  NOT  DIVERTED  FROM  THE  ANIMAL. 
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TABLE  IX 


MEAN  HISTAMINE  CONCENTRATION  IN  PORTAL ,  ARTERIAL  AND 
VENOUS  SAMPLES  WHEN  FED  DOGS  WITH  NO  LYMPH 
DIVERSION  ARE  COMPARED  TO  FED  DOGS  WITH 
LYMPH  DIVERSION  OVER  AN  EIGHT  HOUR 

PERIOD 

(*Means  Calculated  on  48  Values) 

Values  in  pg% 


SOURCE 

SAMPLE 

INTERVAL 

(Hours) 

NO  LYMPH 

DIVERSION 

LYMPH 

DIVERSION 

MEAN  VALUE 

OF  SOURCES 

PORTAL 

2 

17.4 

14.2 

15.8 

ARTERIAL 

2 

16.0 

**  11.8 

13.9 

VENOUS 

2 

14.9 

12.9 

13.9 

*MEAN  VALUE  OF  GROUPS 

16.1 

13.0 

No  Lymph  Diversion  Dogs  -  1020,  1011,  1068, 

1031 

Lymph  Diversion  Dogs  -  1152,  1153,  1084, 

1144 

*P  <  .005 

**Difference  Between  First  and  Last 

Four  Hours  Significant  t  =  3.2,  P<  0.01 
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TABLE  X 


MEAN  HISTAMINE  CONCENTRATION  IN  PORTAL,  ARTERIAL  AND  VENOUS 
SAMPLES  OF  FASTING  AND  FED  DOGS  BOTH  WITH  EIGHT  HOURS 

OF  LYMPH  DIVERSION 

(*Means  Calculated  on  48  Values) 

Values  in  >ug% 


SOURCE 

SAMPLE 

INTERVAL 

(Hours) 

FASTING 

*  * 

FED 

MEAN  VALUE 

OF  SOURCES 

PORTAL 

2 

9.6 

14.2 

H 

H 

0 

<£> 

ARTERIAL 

2 

14.3 

11.9 

13.0 

VENOUS 

2 

14.9 

12.9 

13.9 

*MEAN  VALUE 

OF  GROUPS 

12.9 

13.0 

Fasting  Dogs  843,  1150,  1114,  1143 
Fed  Dogs  1152,  1153,  1084,  1144 

*Difference  Not  Significant 
**P  <  .005 
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DISCUSSION 


FACTORS  EFFECTING  HISTAMINE  CONCENTRATION 


Figure  XIII 

Evaluation  of  Methods  (Study  A) 

Considerable  attention  was  paid  to  the  controls  in 
this  study  which  by  its  nature  has  many  difficult  variables 0 
The  greatest  variance  was  considered  to  occur  in  the  laboratory 
animals .  Age,  sex,  breed,  general  health  are  all  factors 
leading  to  variation.  The  above  factors  certainly  contributed 
to  this  variability  but  constitutional  and  biological  independ¬ 
ence  of  each  animal  may  be  of  greatest  importance.  These  were 
controlled  as  well  as  possible  while  still  maintaining  a  random 
selection  of  animals. 

There  are  also  many  uncontrolled  variables  involved 
in  histamine  metabolism,  because  of  its  dynamic  characteristics. 
Because  any  one  determination  of  histamine  concentration  is 
a  reflection  of  its  moment  by  moment  interplay  of  production, 
binding  and  destruction,  unknown  factors  may  be  present 
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effecting  these  thereby  altering  the  "true"  experimental 
results  o 

At  the  start  of  each  experiment,  a  peripheral 
venous  sample  was  obtained  for  histamine  determination. 

This  value  was  then  compared  with  a  peripheral  venous  sample 
taken  after  surgery  and  just  prior  to  the  onset  of  the 
experiment*  These  values,  seen  in  four  dogs  (Table  II)  are 
not  significantly  different*  From  our  method  of  analysis, 
we  concluded  that  anaesthesia  and  surgery  had  no  apparent 
effect  on  the  measurable  histamine  concentration  in  the 
peripheral  venous  blood.  However,  the  peripheral  venous 
concentrations  of  histamine  were  significantly  different 
from  each  other  when  comparing  fasting  to  fed  dogs  (Table  IV) 
but  showed  less  change  than  the  portal  or  arterial  parameters. 

Arterial  histamine  concentrations  reflect  more 
accurately  the  hour  by  hour  active  histamine  levels  available 
to  influence  physiological  processes  whereas  the  venous 
histamine  concentration  has  been  reduced  by  processes  of 
binding  and  destruction  during  circulation.  The  influence 
of  trauma  and  time  seemed  to  cause  a  slow  but  repeated  rise 
in  arterial  histamine  concentrations  in  fasting  dogs  with  no 
lymph  diversion  (Figure  IX) .  The  average  variation  of  this 
trend  was  within  1.5-2  }ig%  from  the  baseline  values  but 
when  the  first  four  hours  of  these  results  were  compared  to 
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the  last  four  hours  over  the  eight  hour  experimental  period, 
no  significant  difference  between  the  two  groups  was  noted 
(Table  VI) .  Also  in  fed  dogs  with  no  lymph  diversion,  histamine 
concentrations  did  not  differ  significantly  between  the 
first  and  last  four  hours  of  the  experiment.  The  variations 
in  arterial  histamine  concentration  in  fasting  animals  due  to 
the  stress  of  the  experiment  was  always  less  than  the 
variations  due  to  the  addition  of  feeding  (Table  IV) . 

Lymph  flow  volumes  from  the  thoracic  duct  in  our 
experiment  averaged  about  80  cc.  hourly  in  fasting  dogs, 
or  about  1500  cc .  daily.  However  after  feeding,  lymph 
flow  more  than  doubled  in  volume  compared  to  fasting  volume 
flows  in  our  experiment  over  an  equal  period  of  time. 
Intrajejunal  feeding  was  noted  to  increase  peristalsis 
possibly  by  hypertonicity  and  fluid  absorption  or  by 
distension  of  the  small  bowel,  for  the  dogs  usually  developed 
diarrhea  by  the  sixth  hour.  Increased  peristalsis  then 
increases  lymph  flow  from  the  gastrointestinal  tract.  The 
presence  of  fat  in  the  diet  also  increases  the  rate  of 
gastrointestinal  lymphatic  flow  (129) . 

Finally,  our  control  studies  included  determinations 
to  ascertain  whether  the  histamine  concentration  in  lymph 
(Table  III)  and  blood  (Table  I-V)  samples  deteriorated  or 
increased  during  refrigeration.  Since  there  was  no  significant 
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change  between  performing  immediate  or  24  hour  analysis,  the 
latter  method  was  chosen.  These  controls  were  taken  as 
evidence  in  this  study;  that  the  experimental  technique  was 
satisfactory  and  that  the  altered  values  due  to  the  method 
were  slight,  and  that  major  subsequent  changes  in  histamine 
concentrations  were  essentially  due  to  the  presence  of 
feeding  or  lymph  diversion. 

Effect  of  Feeding  (Study  B) 

Compared  to  fasting  dogs,  a  significant  increase 
in  histamine  concentration  occurred  after  feeding.  Fasting 
dogs  showed  a  steady  concentration  of  active  histamine  to 
be  present  in  the  portal  venous  blood  samples .  Others  have 
shown  a  steady  release  of  histamine  from  the  intestinal 
tract  (5,  50)  under  fasting  conditions  in  addition  to  the 
histamine  circulating  within  the  arterial  vascular  system. 
This  is  not  shown  in  our  results  (Table  IV) .  Protein  diets 
effect  a  histamine  concentration  elevation  in  the  portal 
blood  (56,  112)  and  other  parameters  as  shown  in  our  results. 
Our  technique  of  feeding  a  standard  diet  resulted  in  the 
addition  of  histamine  to  the  portal  circulation  from  the 
gastrointestinal  tract  as  evidenced  by  the  elevated  post¬ 
prandial  histamine  levels  in  the  portal  vein  (Figure  X) . 

These  results  were  not  as  marked  as  some  reported  in  the 
literature  (56)  but  were  nonetheless  significant. 
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The  increased  portal  blood  histamine  concentration 
is  a  result  of  directly  absorbed  histamine  in  the  diet 
(Table  I-II) ;  histamine  release  from  the  intestinal  wall 
stimulated  by  a  protein  diet  (5) ;  directly  absorbed  histamine 
synthesized  from  dietary  histidine?  and  active  histamine 
circulating  in  the  arterial  vascular  system  not  significantly 
degraded  by  the  action  of  the  intestinal  tract  tissue. 

Because  the  volume  of  portal  blood  flow  was  not  known,  the 
content  of  portal  blood  histamine  could  not  be  calculated 
over  a  period  of  time .  However  with  concentrations  of  portal 
blood  histamine  averaging  18,0  )ig%  the  amount  of  histamine 
transported  via  the  portal  pathway  from  the  gastrointestinal 
tract  is  very  great. 

The  increase  in  systemic  arterial  histamine  con¬ 
centration  is  significant  after  feeding  (Table  IV) .  The 
histamine  increases  in  the  arterial  side  of  the  circulation 
are  more  important  physiologically  than  portal  blood  histamine. 
Portal  histamine  increases  are  destroyed  in  the  liver  by 
methylation  and  oxidation  or  other  molecular  alteration, 
whereas  arterial  histamine  increases  are  available  to 
stimulate  various  effector  sites.  Increases  in  the  arterial 
histamine  concentrations  if  related  to  thoracic  duct  lymph 
histamine  becomes  important  since  the  thoracic  duct  bypasses 
the  liver's  histamine  inactivating  ability.  This  will  be 
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considered  again,  later  in  the  discussion. 

The  peripheral  venous  histamine  concentration 
after  feeding  is  significantly  different  than  after  fasting 
(Table  IV).  Nevertheless,  the  decrease  in  histamine  from 
the  arterial  to  the  venous  side  of  the  circulation  may  be 
explained  by  several  possibilities. 

First  free  histamine  in  the  arterial  circulation 
is  removed  by  enzymatic  oxidation,  protein  absorption  or 
cellular  absorption,  all  leading  to  reduced  concentration 
or  destruction. 

Secondly,  renal  excretion  can  effectively  clear 
free  and  inactivated  histamine  from  the  arterial  circulation. 

Thirdly,  the  movement  of  plasma  to  the  extracellular 
fluid  space  takes  histamine  with  it.  The  extracellular 
fluid  forms  lymph  which  may  then  remove  histamine  from  the 
peripheral  circulation.  This  also  will  be  considered  later. 

Thoracic  Duct  Histamine  Transport  (Study  C) 

Another  pathway  is  available  for  the  transport  of 
histamine  from  the  gastrointestinal  tract.  Unlike  the 
portal  venous  pathway  which  delivers  its  contents  into  the 
liver  where  histamine  can  be  adequately  inactivated  (89) , 
the  lymphatic  pathway  does  transport  active  histamine  from  the 
gastrointestinal  tract  directly  into  the  lesser  circulation. 
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bypassing  the  liver  (Table  V)  (Figure  XI) . 

No  studies  have  been  found  comparing  the  histamine 
concentration  in  thoracic  duct  lymph  in  fasting  dogs  to 
postprandial  dogs.  Previous  studies  have  recorded  the  amount 
of  histamine  in  thoracic  duct  lymph  in  anaphylactic  shock 
(31,  32)  and  the  contribution  that  is  made  by  liver  lymph  to 
thoracic  duct  histamine  concentrations  (33) .  Thoracic  duct 
lymph  is  very  rich  in  histaminolytic  activity  and  may  inactivate 
large  quantities  of  active  histamine  entering  from  the 
intestinal  tract,  but  our  studies  suggest  that  a  significant 
amount  of  active  histamine  still  is  detectable.  Carlsten  (21) 
was  unable  to  detect  intralymphatic  infused  histamine  in  the 
thoracic  duct.  This  may  show  only  that  exogenous  histamine 
is  more  susceptible  to  histaminolytic  activity  whereas  endo¬ 
genous  histamine  may  be  present  in  an  altered  state  protecting 
it  from  destructive  mechanisms.  This  histaminolytic  activity 
is  not  complete  since  lymph  which  is  allowed  to  sit  for  24 
hours  (refrigerated  except  during  initial  collection)  does  not 
show  a  significant  drop  in  histamine  concentration  in  our 
studies.  It  is  possible  that  the  histamine  content  of 
postprandial  thoracic  duct  lymph  is  sufficiently  elevated  to 
create  a  systemic  effect.  This  may  be  even  more  possible 
since  studies  show  that  the  cardiopulmonary  system  does  not 
inactivate  enough  histamine  to  be  of  any  significance  (36,  74). 
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This  suggests  that  any  significant  rise  of  thoracic  duct 
histamine  content  may  have  an  effect  on  systemic  arterial 
histamine  concentrations.  Our  studies  showed  a  persistent 
increase  in  thoracic  duct  histamine  content  in  the  post¬ 
prandial  state  (Figure  XI) .  The  absolute  rise  in  histamine 
content  even  though  statistically  significant  does  not  represent 
a  large  quantity  of  active  histamine  when  the  volume  flows 
of  the  thoracic  duct  lymph  are  considered.  This  relatively 
small  amount  of  total  histamine  would  be  added  to  a  rapidly 
circulating  large  pool  of  systemic  blood  dispersing  this 
small  amount  of  lymph  histamine  to  even  more  minute  levels. 

However,  the  potency  of  histamine  is  generally 
underrated.  The  hourly  content  of  lymph  histamine  more  than 
doubled  from  the  fasting  state  after  a  meat  diet  (10.8  ^ig/hour  - 
23 .6  ^ig/hour)  due  to  the  large  postprandial  increase  in 
lymph  flow.  Studies  suggest  that  an  intravenous  histamine 
infusion  of  15.0  jj. g/hour  will  cause  gastric  stimulation  (130)  . 
Postprandial  lymph  in  this  study  approximates  that  amount 
of  histamine  content. 

Roughly  calculated,  the  difference  in  arterial 
histamine  content  between  fasting  and  fed  dogs  is  shown  to  be 
disproportionately  greater  than  the  average  content  of  histamine 
drained  by  the  thoracic  duct  each  hour. 


Histamine  content  per  hour  can  be  estimated  by 
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the  formulas 

(1)  histamine  cone,  x  volume  flow  per  hour 

100 

(2)  ng%  x  (cc./min  x  60) 

^  100 


The  aortic  volume  flow  per  minute  in  a  20  kg 
dog  is  approximately  1400  cc .  Calculating  the  fasting  and 
fed  arterial  histamine  content  in  dogs  with  no  lymph  diversion, 
enables  the  arterial  histamine  content  increase  to  be  calculated 
by  subtractions 


(3 )  16  >ug%  x  (1400  cc./min  x  60  min.) 

~  ^  100 


minus 


11  . 3  }iq%  x  (1400  cc./min  x  60  min.) 

*  ioQ 


(4)  =  3940  ug/hour 


Lymph  histamine  content  increase  can  similarly  be 


calculated 


(5)  (15.5  xig%  x  156  cc/hour)  .  (13.5  ;ug%  x  79  cc/hour) 

100  minus  100 


(6)  =  12.8  ug/hour. 

The  quantity  of  histamine  from  the  thoracic  duct 
system  hardly  seems  to  be  enough  to  account  for  the  quantitative 
rise  in  systemic  arterial  histamine  levels.  The  amount  of 
thoracic  duct  histamine  added  hourly  to  the  arterial  system 
might  be  sufficient  to  cause  a  physiological  effect,  but 


this  can  only  be  speculative  since  it  was  not  the  purpose 


of  this  study  to  investigate  that  possibility. 
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Peripheral  Vascular  Effects 

Partial  Lymph  Diversion  (Study  D) s- 
To  further  study  the  effect  of  thoracic  duct  lymph 
on  the  peripheral  arterial  histamine  concentration,  this 
part  of  the  experiment  was  designed  to  observe  the  effect, 
within  the  same  dog,  of  diverting  the  lymph  after  four  hours 
of  the  experiment.  This  would  allow  each  dog  to  be  his  own 
control,  and  after  the  intact  thoracic  duct  had  enabled 
lymph  to  drain  into  the  animal  for  four  hours,  the  removal 
of  the  lymph  during  the  last  four  hours  might  conceivably 
cause  a  change  in  systemic  arterial  histamine  concentration. 
The  fasting  and  fed  dogs  without  lymph  diversion 
acting  as  controls  for  this  part  of  the  study  showed  no 
significant  difference  between  the  arterial  histamine 
concentration  of  the  first  four  hours  compared  to  the  last 
four  hours  (Table  VI)  ,  Any  significant  changes  that  would 
occur  then  between  the  first  and  last  four  hours  of  the 
fasting  and  fed  dogs  with  partial  lymph  diversion  could  be 
interpreted  as  resulting  from  the  lymph  drainage  and  not 
because  of  variation  due  to  a  time  factor. 

In  fasting  dogs  with  lymph  diversion  during  the 
last  four  hours,  no  significant  difference  in  the  histamine 
concentration  of  portal,  arterial  and  venous  sources  between 
the  first  and  last  four  hours  of  the  experiment  is  noted. 
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In  fed  dogs  with  lymph  diversion  during  the  last 
four  hours,  the  histamine  concentration  of  portal,  arterial 
and  venous  blood  during  the  last  four  hours  is  significantly 
greater  than  the  first  four  hours  (P  <  .025) .  However,  the 
difference  in  arterial  histamine  concentration  between  the 
first  and  last  four  hours  in  this  fed  group  of  dogs  is  not 
significant.  There  is  a  significant  increase  in  the  portal 
venous  histamine  concentration  during  the  last  four  hours 
compared  to  the  first  four  hours.  The  increase  in  portal 
histamine  concentration  during  the  last  four  hour  period 
could  occur  as  the  result  of  a  combination  of  several  factors. 
Always  to  be  considered  is  the  possibility  that  the  portal 
histamine  concentration  differences  are  due  to  experimental 
error  or  biological  independence  of  the  dogs.  However  other 
possibilities  exist. 

This  group  of  animals  may  be  demonstrating  an 
altered  histamine  absorption  rate  or  histamine  release  from 
the  intestinal  wall  due  to  the  presence  of  the  protein  diet 
in  the  bowel. 

The  difference  between  the  first  and  last  four  hour 
histamine  concentration  may  be  a  manifestation  of  portal  venous 
dehydration  on  two  accounts.  One  is  the  fact  that  removing 
lymph  coming  primarily  from  the  gastrointestinal  tract  will 
dehydrate  or  concentrate  portal  venous  blood  resulting  in 
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higher  histamine  concentration  readings ,  Second  is  the  fact 
that  the  hypertonic  diet  in  the  bowel  will  act  osmotically  to 
further  concentrate  the  portal  venous  blood  causing  increases 
in  histamine  concentration. 

Any  one  or  all  of  the  factors  could  elevate  the 
portal  venous  histamine  concentration  enough  so  it  would 
influence  the  last  four  hour  group  to  be  significantly  greater 
than  the  first  four  hour  group  when  comparing  all  the  sources 
of  the  blood  samples. 

No  significant  changes  between  the  first  and  last 
four  hours  in  the  fasting  and  fed  groups  were  seen  in  the 
arterial  histamine  concentrations  in  the  group  of  dogs  with 
partial  lymph  diversion  (Table  VII) ,  Since  four  hours  of 
lymph  drainage  would  not  remove  a  significant  amount  of 
histamine,  possibly  thoracic  duct  lymph  contains  factors 
other  than  histamine  that  influence  peripheral  histamine 
levels  but  act  in  a  delayed  fashion  and  would  show  up  only 
after  a  period  of  longer  than  four  hours  of  postprandial 
thoracic  duct  lymph  flow.  Others  have  suggested  that 
factors  are  present  in  lymph  2-4  hours  after  a  test  meal 
influencing  gastric  secretion  whereas  they  are  not  found 
0-2  hours  under  the  same  conditions  (66) .  Some  factors 
effecting  peripheral  histamine  concentrations  in  a  delayed 


fashion  are  conceivable. 
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Total  Lymph  Diversion  (Study  E) s- 
Fasted  dogs  showed  a  significant  increase  in 
histamine  concentration  during  eight  hours  of  lymph  diversion 
compared  to  the  control  group  with  no  lymph  drainage.  Four 
possibilities  exist  to  explain  this.  One  is  that  lymph 
drainage  stimulated  histamine  production.  Secondly, 
lymph  drainage  influenced  a  decrease  in  histamine  binding 
or  destruction.  Thirdly,  the  difference  between  the  two 
groups  of  dogs  may  have  been  such  that  their  baseline  histamine 
concentrations  were  significantly  different.  Fourthly,  the 
difference  may  be  the  result  of  experimental  error.  The  last 
two  possibilities  seem  to  be  the  explanation  for  these  reasons. 
Fasting  dogs  without  lymph  drainage  showed  no  difference 
between  the  first  and  last  four  hours  of  their  histamine 
concentrations  (Table  VI)  and  likewise  fasting  dogs  with 
lymph  diversion  for  the  last  four  hours  did  not  show  a 
significant  histamine  concentration  change  because  of  the 
lymph  diversion  (Table  VII) ,  With  eight  hours  of  lymph 
diversion  in  fasting  dogs,  no  significant  difference  occurred 
between  the  first  and  last  four  hours  of  the  experiment  (Table  VIII) 
These  observations  suggest  that  in  fasting  dogs  lymph  flow 
or  lymph  drainage  does  not  affect  the  histamine  concentration 
and  that  the  differences  between  these  two  groups  of  dogs  are 
due  to  animal  variation  or  experimental  error. 
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In  the  fed  dogs  in  this  group  with  eight  hours  of 
lymph  diversion,  a  significant  decrease  in  arterial  histamine 
concentration  was  noted  when  compared  to  the  fed  dogs  with 
no  lymph  diversion  (Table  IX)  ,  This  suggests  that  either 
histamine  was  being  removed  with  the  lymph  in  sufficient 
quantities  to  result  in  a  decreased  arterial  histamine 
concentration  or  that  removing  lymph  also  removed  other 
factors  which  are  important  in  histamine  production,  binding 
or  destruction «  Lymph  may  contain  factors  which  prevent  the 
binding  and  destruction  or  circulating  histamine,  the  removal 
of  which  would  result  in  a  decreased  arterial  histamine 
concentration.  The  presence  of  these  factors  would  then 
sustain  the  circulating  histamine  levels. 

These  possibilities  of  a  lymph  factor  are  not  sub¬ 
stantiated  by  the  studies  of  partial  lymph  diversion.  There, 
four  hours  of  lymph  drainage  did  not  significantly  effect 
the  arterial  histamine  concentration  in  fed  dogs  (Table  VII) , 
To  study  these  apparently  conflicting  results  further  the 
first  four  hours  of  total  lymph  diversion  were  compared  to 
the  last  four  hours  within  the  same  group  of  fed  dogs 
(Table  IX) „  Because  no  difference  in  arterial  histamine 
concentrations  between  the  first  and  last  four  hours  of  fed 
dogs  with  partial  lymph  diversion  was  noted,  this  study  was 
designed  to  show  where  the  difference  occurred  after  eight 
hours  of  lymph  diversion. 
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A  significant  decrease  in  arterial  histamine 
concentration  occurred  only  after  eight  hours  of  lymph  diversion 
and  then  only  during  the  second  four  hours  did  the  difference 
become  apparent „  In  the  partial  lymph  diversion  study  (D) , 
that  no  decrease  was  seen  in  the  arterial  histamine  concentra¬ 
tion  of  fed  dogs  during  their  four  hours  of  lymph  diversion, 
lends  support  to  the  observation  in  this  study  that  more  than 
four  hours  of  thoracic  duct  lymph  diversion  is  necessary  for 
the  observed  effect  to  occur „  Also,  combined  with  the  earlier 
study  of  lymph  histamine  concentration  and  content,  it  seems 
unlikely  that  this  observation  is  due  to  the  removal  of  histamine 
alone „ 

When  fasted  and  fed  dogs  with  total  eight  hour 
lymph  diversion  were  compared,  no  significant  difference 
occurred  between  these  two  groups  (Table  X) „  Eight  hours 
of  lymph  drainage  in  the  fed  group  resulted  in  these  dogs 
becoming  similar  to  the  fasting  group  of  dogs.  Lymph  removal 
from  fasting  dogs  does  not  appear  to  significantly  effect 
the  circulating  histamine  concentration  whereas  this  analysis 
seems  to  give  additional  evidence  that  removing  thoracic 
duct  lymph  from  fed  dogs  significantly  influences  the 
circulating  histamine  concentration » 

In  all  our  studies,  a  postprandial  rise  in  arterial 
histamine  concentration  is  noted  during  the  first  hour  of  the 
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experiment.  This  rise  in  arterial  histamine  concentration  does 
not  seem  dependent  on  the  presence  of  thoracic  duct  lymph 
since  in  the  total  lymph  diversion  study  (Study  E)  arterial 
histamine  concentrations  were  higher  during  the  first  four 
hours  whether  lymph  was  diverted  or  not.  This  rise  without 
the  normal  flow  of  thoracic  duct  lymph  was  seen  in  this  group 
of  fed  animals  where  all  the  lymph  was  diverted  before  the 
experimental  meal  was  given.  This  suggests  that  a  mechanism, 
active  in  stimulating  an  arterial  histamine  concentration 
increase  following  intra jejunal  feeding  of  a  protein  diet, 
is  transported  via  the  portal  vein  in  all  probability.  Also, 
this  study  suggests  that  the  arterial  histamine  concentration 
elevation  in  response  to  the  intrajejunal  feeding  is  sustained 
by  an  unknown  thoracic  duct  lymph  transported  factor  released 
into  the  systemic  circulation,  because  prolonged  thoracic 
duct  lymph  diversion  (four  hours)  results  in  a  decrease  in 
arterial  histamine  concentration.  This  factor  does  not  directly 
influence  the  arterial  histamine  concentration,  since  this 
elevation  can  occur  with  total  lymph  diversion  and  since  a 
lag  period  exists  before  drainage  of  thoracic  duct  lymph 
depresses  the  arterial  histamine  concentration. 

Possibly,  this  factor  is  necessary  in  a  chain  of 
events  that  as  an  end  result  acts  by  increasing  arterial 
histamine  concentration  either  through  a  decrease  in  histamine 
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destruction  and  binding  or  by  increasing  histamine  production 
(liberation  and  formation) „  Without  the  presence  of  thoracic 
duct  lymph  entering  the  systemic  circulation,  histamine 
concentration  increases  begin  to  fall,  as  seen  after  four 
hours  of  thoracic  duct  diversion. 

Why  there  should  be  a  delay  in  this  observed  lower¬ 
ing  of  the  arterial  histamine  concentration  or  where  this 
factor  would  originate  is  not  immediately  understood. 

A  possible  explanation  for  the  drop  in  arterial 
histamine  concentration  after  four  hours  is  that  the  rise  in 
histamine  concentration  is  a  self  limiting  phenomenon  by  the 
action  of  metabolic  mechanisms  normally  involved  in  histamine 
destruction.  However,  histamine  destruction  is  normally  a 
rapid  process  and  this  study  shows  that  when  the  postprandial 
thoracic  duct  lymph  is  not  diverted,  the  histamine  concentra¬ 
tion  elevation  is  sustained  for  the  duration  of  the  experiment. 

It  is  not  likely  that  four  hours  of  lymph  diversion 
could  be  responsible  for  removing  enough  histamine  from  the 
animal  to  account  for  the  drop  in  arterial  histamine  concentra¬ 
tion  since  the  lymph  does  not  have  enough  histamine  content 
to  account  for  the  quantitative  decrease  in  arterial  histamine. 

A  possible  reason  for  the  delay  or  lag  period  in  the 
arterial  histamine  concentration  decrease  is  that  in  fact, 
total  lymph  diversion  may  not  be  possible  by  diverting 
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only  the  thoracic  duct.  Other  small  anastomotic  lymphatic 
channels  are  usually  present  and  can  carry  lymph  to  the 
systemic  circulation .  A  longer  period  of  drainage  would  then 
be  required  to  divert  a  sufficient  amount  of  this  factor 
before  a  decrease  in  arterial  histamine  would  result.  This 
suggestion  would  imply  that  the  factor  should  have  a  more 
active  and  direct  effect  on  maintaining  the  arterial  histamine 
elevation. 

Also,  the  factor  removed  with  the  lymph  may  not 
come  from  the  small  intestine  and  may  be  inefficiently 
released  in  response  to  the  intra jejunal  feeding.  Possibly 
thoracic  duct  lymph  drainage  after  intragastric  feeding  would 
show  this  arterial  histamine  concentration  depression  to 
occur  more  rapidly  if  this  feeding  route  were  more  efficient 
in  releasing  this  unknown  factor  into  the  lymph. 

These  observations  are  unexpected  but  warrant 
further  study  to  determine  the  nature  and  source  of  this 
factor  and  its  possible  significance  in  the  physiology  of  the 
gastrointestinal  tract. 
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CONCLUSIONS 


10  The  experimental  method  used  in  this  study 
seems  adequately  controlled  to  allow  valid  interpretation 
from  the  results  obtained. 

2.  Feeding  dogs  a  protein  meal  results  in  a 
significantly  elevated  histamine  concentration  in  the  portal, 
arterial,  and  peripheral  venous  circulation,, 

3.  A  measurable  quantity  of  histamine  is  present 
in  thoracic  duct  lymph  and  enters  the  systemic  circulation 
directly  from  the  intestinal  tract  bypassing  the  liver „ 

4.  Following  an  intra jejunal  protein  meal, 
thoracic  duct  lymph  flow  increased  200%  above  the  fasting 
flow  rates. 

5.  Thoracic  duct  lymph  after  an  intra jejunal 
protein  meal  showed  no  significant  increase  in  histamine 
concentration,  but  a  significant  increase  in  histamine  contents 

60  The  content  of  histamine  transported  via  the 
thoracic  duct  is  not  of  sufficient  quantity  to  directly 
account  for  the  increased  concentration  in  the  arterial 
circulation  following  a  protein  meal. 

7.  Postprandial  arterial  histamine  concentration 
increased  within  the  first  hour  following  intrajejunal 
feeding,  and  was  maintained  at  a  significantly  increased 
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level  during  the  experiment, 

8.  Thoracic  duct  lymph  significantly  effects  the 
arterial  histamine  concentration,  by  sustaining  the  increase 
seen  following  a  protein  intra jejunal  feeding, 

9.  Thoracic  duct  lymph  diversion  in  fasting  dogs 
has  no  effect  on  the  arterial  histamine  concentration, 

10.  Continuous  diversion  of  postprandial  thoracic 
duct  lymph  results  in  a  decrease  of  arterial  histamine 
concentration  after  a  lag  period  of  four  hours , 

11.  Two  other  unexplained  observations  are  also 
noted  in  this  study.  One  is  a  factor  responsible  for  the 
early  initial  elevation  of  arterial  histamine  concentrations 
following  an  intrajejunal  protein  meal  and  does  not  appear 
to  be  transported  via  the  thoracic  duct  lymph.  The  other  is 
a  factor  transported  via  the  thoracic  duct  lymph,  indirectly 
active  in  sustaining  the  arterial  histamine  concentration 
elevations  following  an  intrajejunal  protein  meal, 

12.  In  summary,  the  objectives  of  this  study  as 
stated  on  page  36  are  reconsidered. 

One  -  The  amount  of  active  histamine  transported 
via  the  lymphatic  system  is  a  small  but  measurable  quantity 
which  enters  the  peripheral  circulation  directly  from  the 
gastrointestinal  tract,  by-passing  the  liver. 


Two  -  Dogs  fed  a  protein  meal  show  a  significant 


••  • 

■ 


X  C 


* 


92 


increase  in  histamine  content  in  thoracic  duct  lymph  but 
no  increase  in  histamine  concentration 0  This  difference 
exists  because  the  thoracic  duct  lymph  flow  rate  is 
significantly  increased  after  a  feeding., 

Three  -  The  changes  in  arterial  histamine  concen¬ 
tration  cannot  solely  be  explained  by  the  addition  of  lymph 
histamine „  This  suggests  that  the  lymph  contains  other 
agents  which  effect  the  peripheral  arterial  histamine 
concentration,. 
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Appendix  II 

GROUP  A i  -  FASTING  DOGS  (4) 
NO  LYMPH  DIVERSION 
Histamine  Values  in  )ig% 


SOURCE 

DOG  # 

TIME  - 

HOURS 

2 

4 

6 

8 

1076 

20.0 

19.7 

19.6 

13.2 

PORTAL 

967 

1030 

7,6 

8.3 

11.9 

8.7 

5.2 

6.7 

8.4 

8.7 

1145 

10.1 

12.8 

S— 1 

0 

•^3 

10.4 

ARTERIAL 

15.4 

10.9 

7.3 

14.9 

14.6 

9.0 

15.0 

10.9 

12.0 

9.8 

6.7 

9.0 

11.2 

12.8 

11.6 

9.5 

14.9 

11.7 

14.6 

16.9 

12.1 

15.5 

10.0 

15.5 

6.4 

9.3 

7.6 

8.0 

11.1 

12.1 

10.7 

13.4 

VENOUS 
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Appendix  III 

GROUP  AJ i  -  FED  DOGS  (4) 
NO  LYMPH  DIVERSION 
Histamine  Values  in  p.g% 


SOURCE  DOG 

TIME 

-  HOURS 

# 

1 

2 

3 

4 

5 

6 

7 

8 

1020 

25 .7 

30.5 

26  o  2 

27.5 

26 .7 

27 .7 

20 .0 

22 . 5 

1011 

PORTAL  1Q68 

15  o  2 

17.3 

19  o  0 

16.2 

17.5 

19.8 

17.6 

15  o  2 

10  .  9 

9.4 

9  o  2 

8.6 

8.6 

8.5 

8.3 

8  o  9 

1031 

15  06 

17.7 

18  .  8 

17 .4 

17.6 

17.3 

15.3 

140  2 

12  o0 

16.8 

21  o  0 

18  o0 

19.6 

18.2 

15.7 

12  08 

ARTERIAL 

19  o  0 
16  o  9 

17.2 

15.2 

10  o  9 
16  „  3 

13  „  5 

17.9 

11.3 

15.6 

11.9 

17.7 

16.1 

18.6 

21.6 
12  o  1 

15  0  9 

17.7 

17  o  4 

16  .  5 

14.1 

15.9 

18.1 

14  o  2 

20  .9 

27 .2 

15  o  8 

16  „  2 

9.7 

16.8 

16  o  2 

16  0  9 

VENOUS 

15  o  0 

14.7 

10  o  8 

16  „  9 

11.7 

13.7 

12 . 8 

12.1 

10 .4 

10  o  8 

12  o  3 

16  0  5 

9.7 

6.4 

11.4 

12  o  6 

14.1 

16  0  2 

14  o  3 

16  0  5 

11.7 

13.6 

14  o  8 

12  o  5 
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Appendix  IV 

GROUP  B j  -  FASTING  DOGS  (4) 
LYMPH  DIVERSION  LAST  4  HOURS 
Histamine  Values  in  pg% 


SOURCE  DOG  # 

TIME  - 

HOURS 

2 

4 

6 

8 

C39 

9  .  9 

10.6 

8.5 

4.9 

PORTAL  506 

1 3  o  9 

12.3 

12.7 

10.8 

796 

15  04 

14.3 

16.2 

12.7 

53  5 

14.4 

13.7 

11.1 

10.8 

No 

No 

11.1 

15.7 

LYMPH 

Test 

Test 

15.1 

15.3 

12.7 

13.4 

13.4 

10.6 

10.5 

9.3 

ARTERIAL 

11.5 

12.2 

13.4 

12.1 

18.3 

19.8 

10.9 

12.9 

13.1 

15.5 

10.2 

10.1 

9.5 

9.7 

9.7 

9.8 

VENOUS 

12.3 

12.8 

14.7 

14.1 

8.0 

13 . 1 

15.0 

14.3 

11.3 

10.5 
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Appendix  V 

GROUP  Bjj  -  FED  DOGS  (4) 
LYMPH  DIVERSION  LAST  4  HOURS 

Histamine  Values  in  p.g% 


SOURCE  DOG 

TIME 

-  HOURS 

# 

1 

2 

3 

4 

5 

6 

7 

8 

485 

10  .4 

11.2 

14.0 

11.1 

13.2 

13.6 

12.0 

15.6 

1078 

PORTAL  1141 

11.0 

12.0 

12.0 

7.7 

10.4 

16.6 

8.2 

14.0 

10.0 

8.3 

10.0 

8.3 

12.8 

10.8 

10.6 

14.3 

1101 

11 . 8 

11.8 

10.6 

10.7 

11.0 

12.3 

10.0 

13  .0 

No 

No 

No 

No 

14.6 

17.0 

11.0 

15.6 

LYMPH 

Test 

Test 

Test 

Test 

16.0 

13.2 

16.4 

15.5 

!>  ^ 

0  0 

00  o 

1 — 1  1 — 1 

18.0 

12.0 

16.5 

14.0 

12  .0 

14.0 

11 . 7 

12.6 

15.9 

17.0 

17.1 

16.0 

14.4 

16.9 

ARTERIAL 

1 0  o  0 

10.0 

9.5 

10.7 

12.4 

9.3 

12.1 

11.6 

11  .  5 

10  .0 

10.8 

10.3 

10.5 

10.5 

10.0 

12.4 

9.7 

9.5 

10.7 

11.3 

12.0 

10.6 

10.8 

13  .6 

10.3 

12.8 

13.0 

14.3 

14.2 

14.0 

15.7 

12.7 

VENOUS 

10.9 

9.3 

16.5 

16.5 

10.7 

9.8 

16.8 

13.7 

10.8 

9.3 

12.8 

7.2 

11.3 

13.6 

14.0 

13.0 

9.0 

10.5 

12.8 

14.0 

10.7 

12.5 

10.8 

14.5 
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Appendix  VI 

GROUP  Ci  -  FASTING  DOGS  (4) 
LYMPH  DIVERSION  FOR  8  HOURS 
Histamine  Values  in  p.g% 


SOURCE  DOG  # 

TIME  -  HOURS 

2 

4 

6 

8 

843 

12  .  4 

10.3 

10.9 

9.8 

PORTAL  1150 

12  „0 

11.3 

10.9 

10.5 

1114 

12  „  0 

12.9 

8.5 

8.1 

1143 

10 . 8 

10.1 

11.4 

10.8 

9.7 

9.7 

9.6 

11.3 

LYMPH 

11.0 

16.6 

18.8 

m 

0 

00 

1 — 1 

14.8 

14.0 

16.1 

16.9 

11.0 

12.1 

13.5 

13.7 

14.4 

13.4 

15.5 

16.0 

16.8 

19.8 

17.3 

11.9 

ARTERIAL 

14.0 

10.7 

10.4 

12.3 

13.7 

14.8 

15.7 

12.0 

16.7 

20.4 

20.7 

15.0 

VENOUS 

12.0 

14.8 

14.6 

14.0 

11.7 

11.9 

14.0 

12.6 

14.4 

15.7 

15.1 

15.2 
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Appendix  VII 

GROUP  Ci i  -  FED  DOGS  (4) 
LYMPH  DIVERSION  FOR  8  HOURS 
Histamine  Values  in  jug% 


SOURCE 

DOG 

TIME 

-  HOURS 

# 

1 

2 

3 

4 

5 

6 

7 

8 

1152 

16  .  2 

11.3 

18.2 

9.0 

10.8 

21.4 

12.9 

8.0 

PORTAL 

1153 

13  .  5 

18.3 

13.9 

14.0 

13.5 

16.0 

16.5 

7.0 

1084 

16  „  4 

18.6 

17.5 

18.4 

17.2 

18.4 

21.4 

11.0 

1144 

16.7 

14.7 

15.2 

15.1 

13.8 

17.2 

16.8 

10.0 

14.8 

14.5 

12.6 

17.1 

18.8 

16  .0 

11.0 

13.0 

LYMPH 

20.0 

19.5 

19.7 

15,7 

16.0 

16.4 

12.5 

11.0 

16.0 

17.5 

18.7 

15.9 

14.8 

16.8 

15.3 

15.0 

15.5 

15.0 

16.9 

14.3 

18.0 

16.8 

10.7 

13  .0 

15.6 

9.7 

11.5 

13.7 

11.5 

12.3 

8.3 

10.9 

ARTERIAL 

13.5 

15.8 

12.2 

15.3 

19.7 

16.6 

12.7 

15.7 

12.5 

10.2 

9.0 

10.3 

15.3 

12.7 

13 . 0 
9.8 

13.6 

13.7 

15.9 

12.7 

10.0 

9.2 

10.7 

9.9 

13.5 

15.5 

14.3 

11.5 

10.2 

17.0 

11.5 

10.5 

VENOUS 

17.0 

17.2 

13.8 

11.0 

10.7 

14.5 

14.6 

12.5 

14.5 

14.6 

14.8 

12  .0 

14.5 

13  .0 

13.1 

12.5 

13.7 

14.4 

14.3 

10.1 

11.8 

10.1 

14.4 

10.5 
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